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FOREWORD 

Halvor  L.  Skavlem  belonged  to  a  pioneer  Norwegian  family  of 
Southern  Wisconsin.  In  his  boyhood  the  Indians  lingered  in  his 
neighborhood.  Their  artifacts  and  other  evidences  of  their  former 
occupancy  were  then  numerous.  Naturally  of  an  inquisitive  mind, 
young  Skavlem  began  to  ask  himself  how  the}"  made  these  stone 
utensils.  In  his  later  life,  after  a  long  study  of  the  matter,  he  began 
making  Indian  tools  as  he  believed  the}"  were  made  originally. 
He  became  very  skillful  and  adept  in  the  art  of  fashioning  stone. 

This  bulletin  is  a  restatement  of  his  ideas  relating  to  the  work- 
ing of  stone.  These  ideas  have  been  committed  to  writing  by  his 
protege  and  pupil,  Alonzo  W.  Pond.  Mr.  Skavlem  has  approved 
the  statements  as  written  and  they  may  be  regarded  as  authori- 
tative so  far  as   he   is   concerned. 

The  undersigned  has  not  attempted  to  edit  nor  modify  the 
description  herein  contained  although  he  does  not  necessarily  agree 
with  all  of  the  conclusions  reached. 

The  bulletin  is  largely  designed  to  record  the  results  of  a  unique 
and  gifted  pioneer  experimenter  whose  life  work  should  not  be 
allowed  to  perish. 

George  L.  Collie, 

Director,  Logan  Museum 
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PREFACE 

In  September  191 2,  Mr.  Halvor  L.  Skavlem  was  walking  through 
the  cornfield  back  of  his  summer  home  at  Lake  Koshkonong  looking 
for  arrowheads,  axes  and  other  relics  of  Indian  handiwork  as  he  had 
done  many  times  a  day  for  several  years.  On  this  particular  occasion 
he  found  a  broken  celt  and  asked  himself,  "If  I  were  an  Indian 
how  would  I  sharpen  this  broken  celt?,  Nearby  he  found  a  piece 
of  chert  and  began  to  answer  his  own  question  by  striking  the  celt 
with  it.  The  details  of  this  experiment  are  told  later  in  this  paper. 
It  is  sufficient  here  to  note  that  he  sharpened  the  celt  and  continued 
his  experiments  with  most  satisfying  results.  Arrowheads  were  his 
next  problem  and  his  success  in  shaping  them  was  equally  marked. 

It  was  the  good  fortune  of  the  writer  to  call  on  Mr.  Skavlem 
three  or  four  days  after  these  first  attempts  at  the  primitive  manu- 
facture of  stone  implements.  The  writer  was  at  the  time  a  student 
in  high  school  but  he  had  the  pleasure  of  following  Mr.  Skavlem 's 
work  closely  from  that  first  series  of  experiments  to  the  present  time. 
It  is  in  fact  due  to  Mr.  Skavlem 's  enthusiasm  and  teaching  that  the 
writer  has  followed  the  study  of  archeology  in  America,  Europe, 
Africa  and  Asia  for  the  past  seventeen  years.  As  no  one  else  has  had 
the  opportunity  to  be  as  closely  connected  with  Mr.  Skavlem 's 
work  as  has  the  writer,  it  is  natural  that  he  was  asked  by  Dr.  Frank 
G.  Logan  and  Dr.  George  L.  Collie  of  Logan  Museum  to  prepare 
this  manuscript  on  Mr.  Skavlem 's  experiments. 

Mr.  Skavlem  is  now  eighty-four  years  old  and  is  still  making 
arrowheads  with  the  same  skill  and  rapidity  he  showed  fifteen  and 
more  years  ago.  The  writer  appreciates  the  confidence  Mr.  Skavlem 
has  manifested  in  allowing  him  to  prepare  this  paper  and  he  has 
submitted  all  parts  of  it  for  the  experimenter's  approval.     Lender 
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' Preface 

Mr.  Skavlem  's  guidance  the  writer  has  conducted  some  experiments 
on  the  fracture  of  homogeneous  rocks  in  order  to  clarify  some  points 
and  to  better  understand  the  technique  he  was  describing. 

The  writer  desires  to  express  his  appreciation  to  Dr.  Frank  G. 
Logan  and  Dr.  George  L.  Collie  who  have  made  it  possible  for  him 
to  prepare  and  publish  this  bulletin. 

It  is  a  pleasure  to  acknowledge  the  assistance  rendered  by  Profes- 
sor Raymond  Roark  who  has  greatly  aided  the  writer  in  under- 
standing the  elasticity  of  solids,  and  the  action  of  forces  in  producing 
flakes  in  homogeneous  solids,  in  fact,  Chapter  II  was  written  largely 
under  his  guidance. 

Many  of  the  illustrations  used  in  this  work  are  from  photographs 
made  by  Mr.  Geo.  L.  Waite,  who  has  courteously  permitted  their 
reproduction. 

The  writer  appreciates  the  assistance  of  Mr.  Daniel  C.  Frost 
who  has  made  the  drawings  necessary  to  a  clearer  understanding 
of  the  text. 

Mr.  Benjamin  Wadsworth  has  rendered  valuable  assistance 
in  the  study  of  the  literature  and  in  preparation  of  the  bibliography. 

The  writer  is  especially  indebted  to  Miss  Helen  Burnette  for 
typing  the  manuscript  and  proof  reading,  and  to  Mr.  P.  H.  Ralph 
for  relieving  him  of  all  detail  connected  with  printing. 
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Plate  Xo.  i 
Photograph  by  Mr.  Geo.  L.  Waite 


Mr.  II.  L.  Skavlem  making  arrowheads  by  the  percussion 
method  at  Carcajou  Point,  Lake  Koshkonong,  Wisconsin. 
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Plate  Xo.  2 
Photograph  by  Mr.  Geo.  L.  YYaite 

Mr.  Skai'lem  chipping  an  arrowpoint  with  the  tooth 
of  a  zcoodchuck.  Most  of  the  finer  zcork  is  done 
with  the  sharp  cutting  teeth  of  some  animal. 
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INTRODUCTION 


Only  once  his  pace  he  slackened 
Only  once  he  paused  or  halted, 
Paused  to  purchase  heads  of  arrows 
Of  the  ancient  Arrow-maker, 
In  the  land  of  the  Dacotahs, 
Where  the  falls  of  Minnehaha 
Flash  and  gleam  among  the  oak-trees, 
Laugh  and  leap  into  the  valley. 

There  the  ancient  Arrow-maker 
Made  his  arrow-heads  of  sandstone. 
Arrow-heads  of  chalcedony, 
Arrow-heads  of  flint  and  jasper, 
Smoothed  and  sharpened  at  the  edges, 
Hard  and  polished,  keen  and  costly." 

Longfellow. 


The  manufacture  of  arrowheads  and  other  stone  implements 
without  the  use  of  metal  tools  has  been  a  subject  of  great  fascination 
to  writers  on  primitive  customs  since  the  days  of  early  exploration 
in  America.  The  conchoidal  fracture  scars  on  arrowheads  appear 
as  chisel  marks  to  those  unacquainted  with  the  properties  of  fine- 
grained, homogeneous  rocks.  Knowing  that  primitive  man  had 
no  tools  of  sufficient  hardness  to  cut  the  stone  of  which  his  arrow 
and  spearheads  were  made,  most  la}"  writers  and  a  few  men  of  more 
scientific  training  have  imagined  that  the  manufacture  of  stone  tools 
called  forth  almost  superhuman  skill  and  unlimited  patience.  A 
few  of  the  early  observers  of  Indian  life  have  added  mystery  to  the 
process  by  broad,  unqualified  statements  to  the  effect  that  hours 
and  days  were  required  by  the  skilled  aborigine  to  make  his  arrow- 
heads and  months,  years  and  even  a  lifetime  to  make  his  stone  axes 
and  other  tools.     Some  observers  have  actually  seen  the  primitive 
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Indian  making  arrowheads  and  have  noted  that  the  only  tool  used 
was  a  piece  of  bone,  antler,  animal  tooth  or  stone.  Often  these  ob- 
servers have  attempted  to  describe  the  work  of  the  arrow-maker, 
but  aside  from  giving  us  superficial  details  as  to  the  posture  of  the 
workman  and  the  way  in  which  he  held  his  tools  and  the  material 
on  which  he  was  working,  none  of  them  have  been  able  to  describe 
the  process  further  than  to  say  that  "the  bone  was  given  a  dexterous 
twist  and  a  flake  removed.' 

A  number  of  trained  archeologists  and  keen  observers  have 
recognized  that  the  manufacture  of  stone  implements  was  a  process 
within  the  range  of  ordinary  human  ability  and  therefore  possible 
for  the  modern  civilized  white  man.  These  men  have  carried  on 
experiments  and  succeeded  in  reproducing  primitive  artifacts  using 
the  tools  available  to  the  men  of  Stone  Age  times.  In  general,  these 
experimenters  have  shown  that  minutes  and  not  hours  were  required 
to  make  arrowheads  and  hours  not  months  or  years  for  the  manu- 
facture of  axes.  Some  observers  of  the  Indians,  before  they  had 
become  thoroughly  acquainted  with  metal  tools,  corroborated  the 
results  of  these  experiments.  Many  of  these  experimenters  have 
done  remarkable  work  and  most  of  them  have  discovered  one  or 
two  of  the  lundamentals  incident  to  a  comprehensive  explanation 
of  the  way  in  which  primitive  stone  tools  were  made.-  However, 
so  far  as  the  writer  has  been  able  to  discover  in  a  rather  compre- 
hensive survey  of  the  published  literature  on  the  subject,  all  of  them 
fall  short  of  the  full  explanation  and  many  of  them  have  made  numer- 
ous statements  which  contradict  the  one  or  two  fundamental  points 
they  have  discovered.  Furthermore,  so  far  as  we  are  able  to  as- 
certain, no  one  has  carried  his  experiments  to  a  point  where  it  can 
be  said  he  has  revived  the  art  of  making  stone  implements  with  the 
tools  of  the  primitive  workman  with  the  exception  of  Mr.  H.  L. 
Skavlem,  co-author  of  this  paper. 

Since  September  191 2  when  Mr.  Skavlem  first  started  making 
arrowheads  and  axes  with  the  tools  of  primitive  man  his  summer 
home  on  the  site  of  Kaw-Ray-Kaw-Saw-Kaw's  (White  Crow)  village 
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at  Carcajou  Point  on  the  shores  of  Lake  Koshkonong,  Wisconsin, 
has  been  a  gathering  place  for  hundreds  of  visitors  eager  to  see  how 
the  Indian  made  his  weapons.  These  visitors  have  come  from  all 
parts  of  the  United  States  and  Canada  and  many  of  them  have 
written  articles  for  publication  about  the  'charming  old  arrow- 
maker  of  Lake  Koshkonong. '  One  of  the  most  interesting  of  these 
articles  is  "The  Arrow-Maker,"  by  Mr.  Charles  D.  Stewart,  which 
appeared  in  the  Atlantic  Monthly  for  June  1923. 1 

The  article  brought  such  a  flood  of  protest  letters  that  the  editor 
of  the  Atlantic  wrote  Mr.  Stewart  saying  that  one  might  think  flint 
arrow  making  had  become  'a  leading  American  industry.'  To 
quote  from  a  letter  of  Mr.  Stewart's2  "everybody  who  has  fashioned 
some  sort  of  flint  implement  by  dint  of  steel  implements  and  partic- 
ular pains  wants  to  come  in  under  the  'me  too'  head — an  Indian 
arrow-maker  like  Skavlem.'  These  letters  all  protested  that  the 
making  of  flint  arrowheads  is  not  a  "lost  art"  which  of  course  raises 
the  question  as  to  the  writer's  own  definition  of  what  a  "lost  art' 
is. 

Mr.  Stewart's  article  told  of  an  incident  which  occurred  when 
Mr.  Skavlem  visited  some  of  the  Chippewa  Indians  in  Northern 
Wisconsin.  They  had  no  tradition  about  either  the  use  of  stone 
arrowheads  nor  the  way  in  which  they  were  made.  In  fact  only 
one  old  squaw  could  be  found  who  was  even  willing  to  give  a  genuine 
Indian  arrowhead  a  name.  She  told  Mr.  Skavlem  and  the  archeol- 
ogists  with  him  that  it  was  a  "thunder  stone.'  These  Indians  were 
as  interested  and  curious  in  watching  Mr.  Skavlem  make  arrow- 
heads with  stone  and  bone  tools  as  any  of  his  white  visitors  have 
been.  In  his  letter  Mr.  Stewart  adds,  "I  would  say  that  if  no 
Wisconsin  Indian  thinks  of  making  flint  implements  with  a  bone, 
and  would  not  know  how  to  set  about  it  if  he  did;  and  if  this  is  true 
of  North  American  and  other  Indians  in  general ....  that  would 
about  fill  the  definition  of  a  'lost  art'  to  anyone  who  knows  what 


'Stewart,  Charles  D.    The  Arrow-Maker,  Atlantic  Monthly,  Vol.  13.    June  1923  p.  799. 
2Letter  to  A.  W.  Pond. 
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an  art  is.  The  authors  of  most  of  these  protest  letters  apparently 
had  not  read  the  article  or  did  not  realize  that  l art'  implies  the 
ability  to  do  a  thing  and  is  not  covered  by  a  general  statement  in 
a  scientific  work  like  Wilson's  that  arrow-making  was  done  with 
a  bone. ' 

The  writer  has  cited  this  experience  of  Mr.  Stewart  because  many 
of  the  protest  letters  were  from  scientists  well-known  in  the  field  of 
prehistoric  archeology.  Air.  Skavlem  has  certainly  revived  the  art 
for  he  has  made  thousands  of  arrowheads  and  scores  of  axes  in  the 
past  seventeen  years  using  only  the  tools  available  to  primitive  man. 
He  has  done  this  quickly  and  simply  in  the  presence  of  thousands 
of  witnesses  with  the  skill  of  a  true  artist  who  knows  the  limitations 
of  his  medium  and  who  is  master  of  his  technique. 

Some  other  experimenters  have  said  that  they  can  demonstrate 
how  flakes  are  removed,  but  admit  that  they  cannot  explain  it  to 
others.  It  is  the  purpose  of  this  paper  to  explain  the  technique  of 
Mr.  Skavlem  in  such  detail  that  those  following  the  description  can 
also  make  stone  implements  with  the  tools  available  to  primitive 
man. 
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Observations  on  Primitive  Stone-Working 

There  is  considerable  literature  on  the  primitive  manufacture 
of  stone  implements,  especially  in  America.  Observers  have  recorded 
what  they  have  seen  in  the  way  of  tools  used  and  the  technique 
employed  among  the  Australians,  Eskimos  and  also  various  Indian 
tribes  of  the  United  States  and  Mexico.  Students  of  quarry  and 
workshop  sites  have  given  good  descriptions  of  the  methods  employed, 
based  on  the  evidence  they  have  uncovered  and  on  their  practical 
experiments.  Other  investigators  have  made  extensive  experiments 
on  the  making  of  tools  from  flint-like  rocks.  All  of  these  rather 
lengthy  papers  or  summaries  of  them  are  found  in  the  publications 
of  the  Bureau  of  American  Ethnology  and  other  publications  (es- 
pecially Handbook  of  Aboriginal  American  Antiquities,  by  W.  H. 
Holmes.  Bulletin  No.  60,  Part  I.)  so  that  it  is  thought  advisable 
to  give  but  a  short  summary  of  this  material  in  the  present  paper. 

Apparently  the  most  satisfactory  source  of  material  for  the  abori- 
gine both  in  America  and  in  the  Old  World  was  the  quarry  or  mine. 
In  localities  where  flint  modules  are  found  in  the  chalk,  the  primitive 
dug  pits  to  considerable  depth  (as  much  as  forty  feet)  with  picks  of 
deerhorn  or  stone  and  removed  the  flint  nodules  by  digging  around 
them.  In  Eastern  America  where  boulders  of  quartzite  were  the 
materials  used  for  the  manufacture  of  implements,  the  primitive 
dug  pits  and  undermined  the  boulders  which  were  then  broken  up 
with  mauls  and  heavy  hammers  of  stone.     In  those  localities  where 


Plate  No.  3 
Natural  Size 

Photograph  by  Mr.  Geo.  L.  Waite 

Nos.  1-2.     Points  made  from  Danish  flint  pebbles. 

Nos.  3-4.     Chipped  from  quartzite  reject  flakes  found  at  Lake  Koshkonong,  Wisconsin. 
Nos.  6,  7,  8.     Made  from  reject  chert  flakes  picked  up  at  Carcajou  Point,  Koshkonong. 
No.  5.     Tool — "a  wood-chuck  tooth"  used  to  make  the  small  glass  and  flint  points  shown  in  the 
upper  central  group. 
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Plate  Xo.  4 


(See  Opposite  Page) 
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the  flint  occurs  as  layers  in  the  limestone,  pits  were  dug  through  the 
stone  by  building  fires  on  the  part  to  be  excavated  and  then  throwing 
water  on  the  heated  rocks.  The  sudden  cooling  caused  the  rock 
to  break  up  into  pieces  of  a  size  suitable  for  handling.  When  the 
layer  of  flint  had  been  penetrated,  it  was  undermined  by  the  fire 
and  water  process,  the  flint  itself  being  protected  as  much  as  possible 
with  heavy  coatings  of  clay.  That  which  was  affected  by  the  heat 
was  broken  off  and  discarded.  The  fresh  and  usable  flint  was  then 
broken  out  with  heavy  hammers  and  carried  to  near-by  sites  where 
it  was  worked  up  into  blanks.  In  localities  which  have  no  usable 
deposits  of  homogeneous  material  the  primitive  frequently  collected 
pebbles  of  the  desired  substance  from  the  surface.  The  writer  has 
seen  many  sites  in  the  Gobi  desert  of  Asia  and  sections  of  North 
Africa  where  all  the  implements  were  obviously  made  from  local 
pebbles. 

Pebbles  or  large  masses  of  material  once  secured  were  broken  up 
into  usable  blanks  with  hammerstones  either  by  free-hand  flaking 
or  by  placing  the  material  on  an  anvil  of  wood  or  stone.  The  hammer- 
stone  was  in  some  cases  hafted,  in  others  held  in  the  hand  without 
a  handle.  In  some  localities  large  blades  were  secured  by  the  pressure 
process:  for  this  work  a  point  of  bone  or  stone  was  used  as  a  punch, 
this  was  struck  with  a  hammer.  In  some  cases  a  punch  attached 
to  a  large  handle  with  a  broad  butt  was  used  so  that  sudden  pressure 
could  be  applied  with  the  chest  of  the  operator. 


Plate  No.  4 
Reduced  10% 

Nos.  1-4.  Stone  tools  used  as  pressure  flakers  by  Mr.  Skavlem  in  making  the  artifacts  figured 
in  this  plate.     No.  i  is  quartzite,  Nos.  2,  3,  and  4  are  chert. 

Nos.  11,  16,  17,  18,  19  and  26  are  quartzite  points  made  with  the  tools  1-4  by  Mr.  Skavlem. 

Nos.  12  &  15.  Glass  points  made  with  tools  Nos.  1-4.  All  other  pieces  are  of  chert  and  were  made 
by  Mr.  Skavlem  with  the  tools  shown  in  the  photograph.    The  technique  was  pressure. 

Nos.  24  &  27.  Bear  totems  of  chert  made  by  the  pressure  process  with  the  stone  chipping  tools 
shown  in  this  plate.  No.  24  is  especially  interesting  because  of  the  details  shown.  Note  the  stub  tail, 
ears,  suggestion  of  an  eye  (use  a  reading  glass)  nose  and  shaggy  hair  on  throat.  This  sample  of  Mr. 
Skavlem's  work  shows  his  skill  in  the  pressure  technique.  The  only  tools  used  are  those  shown  at  the 
top  of  this  photograph.  This  is  good  proof  that  the  art  of  chipping  flint  and  similar  materials  with  the 
primitive  tools  available  to  primitive  man  has  been  revived. 
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Blanks  were  worked  into  implements  by  percussion  or  by  pressure. 
When  percussion  was  used  the  material  being  worked  was  struck 
with  a  hammerstone  held  in  the  right  hand.  Some  writers  say  the 
material  to  be  shaped  was  held  in  the  left  hand  as  a  modern  mason 
roughs  out  stone.  Sometimes  it  was  held  on  the  operator's  leg, 
or  on  an  anvil  of  stone  with  or  without  a  pad  of  leather  or  similar 
material  and  often  it  rested  on  an  anvil  of  wood.  When  held  on  the 
leg  or  only  in  the  left  hand,  a  leather  pad  was  usually  used  to  protect 
the  operator.  Wrhen  the  finishing  was  done  by  pressure,  the  piece 
was  similarly  held  but  the  chipping  wras  done  with  a  pointed  tool  of 
bone,  horn,  ivory  or  stone. 

Most  writers  have  the  impression  that  quarried  flint,  etc.,  is  more 
easily  worked  immediately  on  removal  from  the  quarry.  They  state 
that  the  material  is  softer  or  more  workable  before  the  quarry  water 
has  been  driven  off  and  one  or  two  have  stated  that  blanks  were 
buried  in  swamps  to  keep  them  in  a  suitable  condition  for  working. 
It  is  the  belief  of  this  writer  that  such  statements  have  little  founda- 
tion in  fact.  Perhaps  the  idea  is  nothing  but  a  remnant  of  the  old 
myth  that  there  is  some  secret  about  working  flint  which  is  unknown 
to  the  white  man.  Possibly  a  confusion  has  arisen  betwreen  the 
working  of  flint-like  rock  and  that  of  catlinite,  steatite  etc. 

Among  the  Flint  knappers  of  England,  whom  the  writer  visited 
in  1924  and  who  that  year  made  several  million  gun  flints  for  export, 
a  supply  of  flint  nodules  was  often  in  the  ''factory1'  yard  from  a 
year  to  a  year  and  a  half  before  being  finally  used.     The  workmen 


Plate  No.  5 
Enlarged  3.7% 

Nos.  1-18.  Brown  flint  from  Grand  Pressigny,  France  (See  core — Plate  No.  40).  Nos.  1,  6,  and  10 
arrow  points  made  by  Mr.  Skavlem  with  a  bone  pressure  tool. 

Nos.  13  &  14.     Drills  or  awls  of  the  same  material,  also  made  by  Mr.  Skavlem. 

No.  3.  A  piece  of  the  brown  flint  practically  made  into  an  arrow  point.  A  heavy  bone  tool  was 
used  for  the  general  shaping  of  the  flint  and  a  finer  bone  point  for  the  more  delicate  finishing. 

Nos.  19-33.  Chert  from  Carcajou  Point,  Lake  Koshkonong.  A  fragment  of  chert  was  broken 
with  a  hammerstone  by  Mr.  Skavlem.  From  one  piece  he  made  the  arrowpoint  No.  20.  No.  19  has 
been  partially  worked  on  the  right  edge  showing  the  preliminary  shaping.  The  other  fragments  are 
rejects. 
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Photograph  by  Mr.  Geo.  L.  Watte 

Of  these  forty  points,  twenty  were  made  by  the  Indian  and  twenty  by  Mr.  Skavlem.  In  attempting 
to  distinguish  the  Indian  work  from  that  of  Mr.  Skavlem  no  one  has  been  able  to  grade  better  than 
fifty  or  fifty-five  per  cent  perfect. 


Pagr  22 


Logan  Museum — Beloit  College 


were  unable  to  recognize  any  difference  in  the  workableness  of  the 
flint  between  the  day  of  its  arrival  from  the  mines  a  mile  away  and 
the  day  the  last  nodule  was  worked.  The  people  of  this  community 
have  been  working  flint  for  generations  and  it  seems  likely  they 
would  have  discovered  any  such  difference  if  it  existed,  as  they  have 
learned  the  best  layers  of  flint  to  use.  In  many  parts  of  the  world 
in  which  this  writer  has  collected,  the  aborigine  had  only  pebbles 
gathered  from  stream  beds  for  their  raw  material  and  there  is  seem- 
ingly no  difference  in  the  quality  of  the  work  produced  under  these 
conditions  and  that  of  artizans  whose  material  came  direct  from 
quarries. 

Dr.  Holmes  seems  to  believe  that  in  the  region  of  Washington 
the  boulders  he  dug  out  fresh  himself  worked  more  easily  than  those 
he  found  lying  about  in  the  debris  left  by  the  ancient  quarryman. 
It  is  reasonable  to  suppose  that  the  aborigine  had  sufficient  experience 
in  the  quality  of  his  material  to  use  the  best  and  leave  the  less  desir- 
able so  that  one  collecting  on  an  ancient  quarry  site  would  find 
fresh  material  more  workable  although  the  time  of  its  removal  from 
the  earth  is  in  reality  of  no  importance.  Similarly,  finding  "caches' 
of  flint  blanks  in  swamps  is  easily  accounted  for  by  the  fact  that 
such  swamps  were  lakes  one  or  two  centuries  ago  and  doubtless 
the  canoe  carrying  these  blanks  was  tipped  over.  This  writer  has 
seen  one  such  "cache'  taken  from  a  swamp  which  had  dried  up 
within  the  memory  of  the  local  inhabitants  and  geologists  say  the 
changing  of  shallow  lakes  to  swamps  and  the  drying  up  of  swamps 
is  a  common  phenomenon. 

Mr.  Skavlem  once  buried  some  Tennessee  'flint'  in  the  mud 
of  a  spring  for  two  years.  At  the  end  of  that  time  one  could  see  the 
penetrating  moisture  had  changed  the  color  of  the  flint  for  a  depth 
of  about  one  quarter  of  an  inch  but  no  improvement  in  its  work- 
ability was  noted. 

At  quarry  sites  in  southern  Tunisia,  Xorth  Africa  the  writer 
found  that  the  outcrop  nodules  of  flint  were  used  as  well  as  the 
quarried  flint  from  beneath  the  surface. 
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Some  writers  mention  that  artifacts  were  made  by  heating  flint 
and  dexterously  dropping  water  upon  it  so  that  flakes  were  removed. 
Others  say  that  the  heated  flint  was  cooled  slowly  and  shaped.  The 
process  is  never  described  in  any  detail  and  in  no  case  is  the  technique 
given  from  reliable,  first-hand  observation.  The  one  or  two  experi- 
menters who  claim  to  have  made  an  arrowhead  by  this  method 
show  no  drawings  or  photographs  of  their  product.  Most  reliable 
accounts  state  that  the  aborigine  who  used  the  fire  and  water  method 
in  quarrying  took  care  to  protect  the  usable  flint  from  the  heat 
with  a  coating  of  clay  because  that  which  was  effected  by  fire  had 

to  be  discarded. 

Mr.  Skavlem's  experience  indicates  that  flint  and  similar  rocks, 
when  exposed  to  heat,  become  permeated  with  countless  fire  cracks 
which  make  it  nearly  impossible  to  chip  them  to  a  desired  form. 
It  appears  that  it  is  time  to  abandon  discussion  of  this  mythical 
technique  of  implement-shaping. 


Plate  No.  7 
Reduced  6.7% 

A  group  of  artifacts  made  by  Mr.  Skavlem  of  various  materials  to  show  control  in  using  the  pressure 
process  of  shaping  flints  and  similar  material.  The  group  of  small  types  show  the  same  types  of  scars 
and  detail  of  chipping  that  is  found  on  the  larger  specimens,  but  a  reading  glass  is  necessary  to  the  study, 
even  on  the  original  specimens.  Mr.  Skavlem  has  made  points  so  tin}'  that  13  could  be  packed  into  an 
ordinary  quinine  capsule.  These  small  pieces  were  made  to  prove  that  even  the  tiniest  points  made  by 
the  Indian  (such  a  series  represented  in  Col.  B.  H.  Young's  collection  found  at  Moccasin  Bend  in  the 
Tennessee  River)1  could  be  duplicated  by  modern  man  using  the  tools  available  to  the  prehistoric  man. 
Some  of  Mr.  Skavlem's  points  are  very  much  smaller  than  any  Indian  arrowpoint  yet  on  record. 

'Moorehead,  W.  K.     Prehistoric  Implements  p.  170. 
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A  group  of  tiny  arrow  points  made  by 
Mr.  Skavlem  to  show  his  skill  in  controlling 
fracture  of  flint  and  chert.  Even  the  small- 
est of  them  show  the  typical  conchoidal 
scars.  They  were  made  with  a  small  bone 
point.  The  thirteen  smallest  in  the  lower 
three  rows  can  all  be  packed  into  a  four 
grain  quinine  capsule.  These  are  shown 
natural    size  in  the  insert. 
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Making  Flaked  Implements 

Mr.  Skavlem's  summer  home  is  on  the  site  of  White  Crow's 
Village  on  the  northern  shore  of  Lake  Koshkonong,  Wisconsin.  Early 
records  indicate  that  this  was  a  very  populous  Indian  Village  when 
Europeans  first  reached  that  section  and  to  judge  from  the  large 
amount  of  stone  and  bone  collected  from  there  in  the  past  seventy 
or  eighty  years  it  was  a  favorite  village  site  for  a  good  many  gener- 
ations. For  years  Mr.  Skavlem  has  walked  about  the  plowed  fields 
where  once  the  shelters  of  the  Indian  were  pitched.  In  his  daily 
walks  he  collected  every  fragment  of  flint  and  chert,  every  bit  of 
broken  ax  or  celt  which  he  could  find,  in  fact,  any  fragment  of  stone 
or  bone  which  could  have  been  handled  by  the  Indian  was  of  interest 
to  him.  At  that  time  this  sort  of  collecting  was  quite  a  departure 
from  the  usual  collector's  method  but  Mr.  Skavlem  was  not  interested 
in  hoarding  beautiful  specimens  of  the  Indian's  art.  He  wanted 
to  know  how  the  Red  Alan  made  his  tools  and  he  felt  certain  that 
he   could   learn   the   technique   better  by   gathering   broken   or   un- 


Plate  No.  9 
Reduced  6% 

No.  i.  A  coarse  Indian  celt,  part  of  a  cache  found  in  Black  Hawk,  Lake  Koshkonong,  Wisconsin. 
Mr.  Skavlem  has  used  this  as  a  hammerstone,  the  marks  of  such  use  being  visible  on  the  right  end  and 
the  face  near  the  right  end. 

By  a  percussion  blow  with  a  hammerstone  Mr.  Skavlem  broke  off  a  flake  from  the  left  end  of 
this  celt  and  partially  shaped  it  for  an  arrow  point.  This  partially  worked  flake  has  been  replaced  on 
the  celt.    All  chipping  on  this  piece  was  done  with  stone  tools. 

No.  2.  An  arrowhead  of  chert  made  by  Mr.  Skavlem.  The  left  edge  of  this  was  shaped  by  percus- 
sion blows  with  a  stone.  The  right  edge  was  shaped  by  percussion  also  but  it  was  finished  by  pressure 
applied  through  a  stone  with  a  sharp  edge  instead  of  with  a  bone. 

No.  3.  An  arrowhead  of  chert  made  by  Mr.  Skavlem.  This  gives  some  idea  of  the  flakes  from  which 
arrow  points  can  be  made. 

No.  4.     An  unfinished  quartzite  point  made  by  Mr.  Skavlem. 

Nos.  5  &  6.  These  should  be  studied  together.  No.  5  is  an  unfinished  Indian  arrow  point  which 
broke,  probably  in  the  making.  No.  6  is  a  duplicate  of  No.  5  made  by  Mr.  Skavlem  with  a  bone  flaker. 
The  chipping  and  shape  of  the  two  pieces  are  almost  identical  even  to  the  break.  Such  pieces  indicate 
that  Mr.  Skavlem  uses  a  technique  which  produces  the  same  results  as  that  used  by  prehistoric  man. 

Nos.  7,  8  and  9.  Unfinished  arrow  points  made  by  Mr.  Skavlem  with  a  bone  pressure  tool.  These 
were  left  unfinished  to  give  the  student  some  idea  of  the  nature  of  the  flakes  from  which  points  can  be 
made  and  how  much  of  the  material  must  be  chipped  away  to  obtain  the  desired  shape. 

No.  10.    A  finished  arrowpoint  made  by  Mr.  Skavlem  with  a  bone  pressure  tool. 
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finished  tools  and  implements  than  by  studying  the  perfect,  finished 
specimens.  This  constant  study  of  fragments  and  unfinished  arti- 
facts left  by  the  Indian  together  with  the  fact  that  he  had  all  his  life 
been  a  camper  and  hunter  accustomed  to  making  the  best  possible 
use  of  limited  tools  and  materials  at  hand,  eventually  enabled  him 
to  attain  a  psychological  state  such  as  Gushing  describes  when  he 
says:  "If  I  would  study  any,  old,  lost  art,  let  us  say,  I  must  make 
myself  the  artisan  of  it — must,  by  examining  its  products,  learn 
both  to  see  and  to  feel  as  much  as  may  be  the  conditions  under  which 
they  were  produced  and  the  needs  they  supplied  or  satisfied;  then 
rigidly  adhering  to  those  conditions  and  constrained  by  their  sources 
alone,  as  ignorantly  and  anxiously  strive  with  my  own  hands  to 
reproduce,  not  to  imitate,  these  things  as  ever  strove  primitive  man 
to  produce  them."1 

It  was  the  writer's  good  fortune  to  visit  Mr.  Skavlem  three  or 
four  days  after  he  had  made  his  first  arrowhead  and  about  the  first 
question  asked  was,  "How  did  you  happen  to  do  it?" 

'I  was  walking  along  where  the  old  arrow-maker  had  his  shop 
and  picked  up  four  or  five  pieces  of  bone.  They  seemed  to  have  been 
worked  down  to  a  crude  point  and  I  guessed  they  had  been'  used 

'Cushing,  Frank  Hamilton,  The  Arrow,    p.  201.    Proc.  A.  A.  A.  S.  Springfield.    Vol.  XLIY.     1859. 
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No.  1.  A  bone  chipping  tool  left  by  the  Indians  in  a  refuse  pit  on  the  shores  of  Lake  Koshkonong. 
This  bone  showed  the  rounded  edges  and  end  characteristic  of  a  pressure  flaking  tool  when  it  was  dug 
out  of  the  refuse  pit.  Mr.  Skavlem  noted  that  it  was  well  preserved  and  decided  to  use  it.  He  collected 
a  few  flakes  of  flinty  material  from  the  refuse  pit  and  set  to  work.  Nos.  2,  3,  4,  and  5  are  the  results 
made  with  the  old  chipping  tool  No.  1.  No.  4  is  unfinished.  The  bone  was  not  as  hard  as  could  be 
desired  and  broke  under  pressure  because  of  its  great  age.  The  fresh  angular  breaks  are  shown  in  the 
photograph.  Compare  this  Indian  bone  chipping  tool  with  those  made  and  used  by  Mr.  Skavlem. 
shown  in  Plate  No.  2. 

Xo.  6.  A  woodchuck  tooth  used  by  Mr.  Skavlem  as  a  chipping  tool  for  making  the  arrow  point 
No.  7. 

No.  7.  An  arrow  point  made  by  Mr.  Skavlem  November  8,  1927  in  the  presence  of  Mr.  Geo.  I,. 
\\  aite.  The  agate  flake  from  which  this  point  was  made  was  collected  in  the  Sahara  Desert,  Algeria 
in  1926  by  the  writer.    The  only  tool  used  was  the  tooth  shown  here  as  No.  6. 

No.  8-20.  A  group  of  artifacts  made  by  Mr.  Skavlem.  The  small  bone  point  No.  12  was  the  chipp- 
ing tool  used.  No.  8  is  moss  agate,  No.  9  chert,  No.  10  obsidian,  No.  11  chert,  Xo.  12  bone  chipping 
tool,  No.  13  chalcedony,  XO.  14  white  chert,  Nos.  15  &  16  glass,  No.  17  white  chert,  No.  18  fishhook  of 
chert.     Note  well  defined  conchoidal  scars.     Xo.  19  moss  agate  and  No.  20  obsidian. 
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to  make  arrowheads.  I  picked  up  some  flint  chips  which  the  Indian 
left  here  and  tried  to  chip  them  with  the  bones.  My  knee  wasn't 
a  very  solid  work  bench  and  the  bones  were  so  decayed  that  they 
crumbled. 

"That  afternoon  I  went  down  to  the  creek  and  found  the  bones 
of  an  old  cow  that  was  mired  there  seven  years  ago.  I  sharpened 
one  of  those  down  to  a  blunt  point,  got  an  old  chopping-block  from 
the  wood  pile  and  started  to  make  an  arrow.  It  was  no  trick  at  all. 
I  put  the  bone  on  the  edge  of  the  flint  and  pressed  down.  The  flint 
chipped  off  nicely.  \\  hen  I  had  one  side  done  I  turned  the  arrowhead 
over  and  did  the  same  on  the  other  side.  That  gave  the  toothed 
effect. 

'When  one  edge  of  the  arrowhead  was  done  I  chipped  the  other 
edge.  In  about  five  minutes  I  had  a  little  triangular  point.  It  looked 
good  but  I  wanted  a  shank  on  it.  I  made  a  little  notch  a  little  way 
from  the  base  of  the  triangle  on  each  side  and  had  a  little  arrow- 
point." 

It  was  not  long  before  Mr.  Skavlem  began  to  realize  that  the 
process  of  making  arrowheads  consisted  of  more  than  just  putting 
the  bone  point  on  the  edge  of  the  flint  and  pressing  down.     By  care- 


Plate  No.  11 
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Nos.  i-io.  Mr.  Skavlem  selected  ten  flakes  of  chalcedony  from  material  collected  on  a  prehistoric 
habitation  site  in  the  Sahara  Desert.  These  ten  flakes  were  divided  into  two  groups  as  near  a'like  as 
possible,  then  a  tossed  coin  decided  which  group  was  to  be  made  into  arrow  points.  The  finished  points 
made  with  only  a  bone  pressure  tool  are  Nos.  1-5.  The  flakes  Xos.  6-10  are  similar  in  shape  and  thickness 
to  those  from  which  the  points  were  made.  No.  1  from  a  flake  like  No.  6;  No.  2  from  a  flake  like  No.  10; 
No.  3  from  a  flake  like  No.  9;  No.  4  from  a  flake  like  No.  8;  No.  6  from  a  flake  like  No.  7. 

A  similar  experiment  was  conducted  with  flakes  from  the  Indian  Village  site  on  Carcajou  Point, 
Lake  Koshkonong,  Wisconsin. 

Nos.  11  to  30  inclusive  form  a  group  of  twenty  reject  flakes  and  broken  implements  of  chert  left 
by  the  Indian.  Nos.  31-50  inclusive  are  a  series  of  arrow  points  and  one  turtle  totem  made  from  twenty 
flakes  and  rejects  as  like  No.  1 1  to  30  as  could  be  secured.  Mr.  Skavlem  selected  the  group  to  be  worked 
by  tossing  a  coin  and  did  the  work  with  a  bone  pressure  tool.  To  take  twenty  reject  flakes  and  success- 
fully produce  twenty  finished  artifacts  in  succession  with  only  the  tools  of  primitive  man  is  proof  that 
modern  man  can  control  the  fracture  of  flint.  Several  of  the  pieces  broke  while  being  worked  but  that 
only  necessitated  a  change  in  the  design  or  the  size  of  the  finished  implement. 

No.  51.    A  blank  or  unfinished  arrow  point  made  by  the  Indians. 

No.  52.  An  arrow  point  made  by  Mr.  Skavlem  from  a  blank  made  by  the  Indians.  The  blank 
from  which  this  piece  was  made  was  almost  identical  to  No.  51. 
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fully  examining  his  actions  he  found  that  he  removed  flakes  from  the 
flint  by  exerting  pressure  in  two  directions  simultaneously;  that  it 
was  necessary  to  press  his  bone  point  in  a  line  parallel  to  the  face 
of  the  flake  at  the  same  time  that  he  was  exerting  pressure  in  a  line 
perpendicular  to  the  face.  Mr.  Skavlem  has  called  the  first  of  these 
two  pressures  a  compressing  force  and  the  other  the  "pull-away' 
force.  By  regulating  the  relative  amounts  of  these  two  forces  he 
was  able  to  control  the  size  of  the  flakes  he  removed.  A  long  flake 
was  secured  by  greatly  increasing  the  compressing  force  over  the 
'pull-away"  force.  For  short  flakes  the  relative  compressing  force 
was  reduced. 

During  the  past  seventeen  years  experiments  have  been  conducted 
with  flints  and  cherts  from  this  country  and  Europe;  with  chalcedony, 
mossagate,  jasper  and  andesite  lava  from  the  Gobi  of  Asia  and  the 
Sahara  of  Africa;  with  black  and  red  obsidian  from  Mexico  and 
California  and  with  fine-grained  quartzite,  plate  glass  and  even 
broken  bottles  from  various  sources.  In  most  cases  the  material 
has  been  in  the  nature  of  reject  flakes  from  the  sites  of  primitive 
habitations  or,  in  the  rare  cases  when  large  blocks  of  material  were 
obtained,  they  were  collected  by  individuals  not  familiar  with  the 
needs  of  a  primitive  arrowhead-maker  and  hence  were  not  homo- 
geneous or  possessed  flaws,  inclusions  and  even  cracks. 


Plate  No.  12 
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Nos.  1-2.  Heavy  anvils  used  by  the  Indian  for  breaking  flint  pebbles, etc.  in  the  production  of  flakes 
for  arrowpoints  and  similar  tools.  No.  I  has  also  been  used  by  Mr.  Skavlem.  No.  2  has  doubtless 
been  used  as  a  large  hammerstone  for  breaking  particularly  large  or  hard  pebbles.  The  pittings  are 
evidence  of  use. 

Nos.  3,  4,  5,  &  8.  Hammerstones  left  by  the  Indian  on  the  shores  of  Lake  Koshkonong,  Wisconsin. 
Note  pitted  surfaces  and  battered  edges  caused  by  use.  There  is  no  reason  to  believe  that  the  pitted 
surfaces  were  intended  for  "finger  holds".  The  human  hand  is  such  an  adaptable  appendage  that  it 
"fits"  anything  not  too  angular  or  too  large.  Anyone  who  has  cracked  nuts  with  an  ordinary  pebble 
knows  that  the  pitted  face  of  a  pebble  so  used  is  the  result  of  use  as  a  hammerstone  and  is  not  intention- 
ally worked  in  the  face  of  the  stone  for  a  "hold".     No.  3  of  this  group  was  also  used  by  Mr.  Skavlem. 

Nos.  6  &  7.  Hammerstones  used  by  Mr.  Skavlem  in  making  arrowpoints  and  other  chipped  imple- 
ments by  the  percussion  method.  Compare  these  with  Nos.  3,  4  &  5.  The  pittings  on  the  stones  used 
by  Mr.  Skavlem  sometimes  appear  deeper  than  those  on  hammerstones  left  by  the  Indian.  This  is 
probably  due  to  the  fact  that  the  Indian  used  whatever  stone  was  handy  when  making  a  chipped  imple- 
ment and  then  discarded  it  while  Mr.  Skavlem  sometimes  makes  scores  and  even  hundreds  of  implements 
with  the  same  hammerstone. 
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Perhaps  it  is  due  to  the  refractory  material  he  often  had  to  work 
with  that  Mr.  Skavlem  has  so  well  analyzed  what  takes  place  when 
a  flake  is  removed  from  a  large  piece  of  flint.  A  thorough  under- 
standing of  the  technique  therefore  must  begin  with  the  properties 
of  the  material  being  worked. 

According  to  Kemp1  "Chert  is  dense,  hard  and  homogeneous 
and  of  white,  gray  or  black  color.  It  readily  strikes  fire  with  steel, 
and  when  it  breaks  has  a  splintery2  or  conchoidal3  fracture.  It  is 
often  decomposed  to  a  powdery  silica  on  the  outside,  and  in  extreme 
cases  may  yield  rather  large  deposits  of  this  powder  which  is  called 
'tripoli 

"Chert4,  a  compact,  siliceous  rock  formed  of  chalcedonic  or 
opaline  silicas,  one  or  both,  and  of  organic  or  precipitated  origin  .  .  . 
Cherts  often  occur  distributed  through  limestone,  affording  cherty 
limestones.  Flint  is  a  variety  of  chert.  Cherts  are  especially  common 
in  the  Lower  Carboniferous  of  southwest  Missouri." 


'Kemp,  James  Furman.  A  Handbook  of  Rocks  for  use  without  the  Microscope.  Fourth  edition, 
1908.     p.  103. 

2Xew  Standard  Dictionary.  "Splintery — liable  to  splinter  on  being  riven,  as  splintery  timber. 
Presenting  the  appearance  or  consisting  of  splinters,  having  sharp,  jagged  projections  as  a  splintery 
fracture." 

'New  Standard  Dictionary.  "Conchoidal — having  shell-shaped  depressions  and  elevations;  said 
of  the  fracture  of  certain  very  compact  and  homogeneous  mineral  substance  like  obsidian  or  jasper." 

4Kemp,  James  Furman.  A  Handbook  of  Rocks  for  use  without  the  Microscope.  Fourth  edition, 
1908'.     p.  181. 


Plate  No.  13 
Reduced  52% 

Xos.  1-8.  Bone  points  used  by  Mr.  Skavlem  in  making  chipped  implements  of  flint,  obsidian,  glass 
and  similar  homogeneous  crypto-crystaline  silicates.  Xo.  i  is  the  incisor  tooth  of  a  woodchuck  (?)  used 
for  the  finest  work.  All  other  points  are  bone  from  which  animal  fats  and  oils  have  been  removed  by 
weathering.  Green  or  fresh  bone  is  less  satisfactory  for  chipping  because  it  slips  off  from  the  material 
whereas  dry  bone  compresses  and  "takes  hold"  under  pressure.  The  larger  points  are  used  for  removing 
large,  thick  flakes  (see  text,  p.  51)  where  considerable  pressure  is  necessary  while  the  smaller 
points  are  for  smaller  flakes.  Flakes  removed  by  pressure  with  bone  flakers  such  as  these  are  the  typical 
conchoidal  fracture  flakes.  Stor.e  may  be  similarly  used,  that  is,  as  a  pressure  flaker,  but  better  results 
are  obtained  with  bone,  horn  or  teeth. 

Xos.  9  &  10.  Fragments  of  bone  found  on  the  village  site  formerly  inhabited  by  the  Winnebago 
Chief,  White  Crow.  These  have  not  been  used.  Xote  the  sharp  edges  and  compare  with  pieces  11,  12, 
14,  15,  16  and  17. 

Xos.  11-18.  Fragments  of  bone  (except  13  which  is  horn)  with  worn  edges  and  points  used  by  the 
Indian  for  chipping  flint.  The  edges  which  would  cut  the  hand  of  an  artisan  using  these  pieces  as  pres- 
sure flakers  have  all  been  rubbed  off. 

Xo.  16.  This  was  found  associated  with  many  flint  flakes  and  small  chips  indicating  that  it  had 
been  left  where  last  used  bv  the  Indian  flint  worker. 
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'Flint1,  is  a  compact  and  crypto-crystalline  aggregate  of 
chalcedonic  and  opaline  silica.    Chert  and  hornstone  are  synonyms. '  '2 

'The  chief  glasses3  are  obsidian,  pumice,  perlite  and  pitchstone. 
The  name  obsidian  is  applied  to  homogeneous  glasses  with  low  per- 
centages of  water.  The  word  is  of  classic  and  ancient  origin  and  is 
now  used  with  a  prefixed  name  for  all  glasses  such  as  rhyolite-obsidian, 
basalt  obsidian,  etc." 

From  the  foregoing  it  will  be  seen  that  the  materials  most  com- 
monly used  for  chipped  implements  are  of  homogeneous  texture  and 
even  a  passing  consideration  of  any  collection  of  primitive  chipped 
implements  will  show  that  the  finest  and  most  symmetrical  speci- 
mens are  generally  of  the  finest  grained  and  most  homogeneous 
material.  It  is  because  of  this  homogeniety  that  such  materials  are 
selected  for  chipped  implements.  Since  they  are  of  the  same  com- 
position or  structure  throughout  they  have  no  definite  or  inherent 
lines  of  cleavage4  but  may  be  broken  in  any  and  all  directions  de- 


'Kemp,  James  Furman.  A  Handbook  of  Rocks  for  use  without  the  Microscope.  Fourth  edition, 
1908.     Page  191. 

2Twenhofel,  William  H.  Treatise  on  Sedimentation,  1926.  p.  378.  "In  the  strict  sense  chert 
includes  those  crypto-crystalline  varieties  of  quartz  which  are  white,  gray  or  other  light  color.  Flint 
includes  the  dark  gray  and  black  varieties  of  the  same  material.  Jasper  is  a  variety,  colored  red  by  iron 
oxide."  (p.  379)  "Chert  and  flint  are  characteristically  dense  and  vitreous  but  is  some  cases  they 
are  more  or  less  porous  with  dull  luster.  Those  with  vitreous  luster  have  conchoidal  fracture  and  the 
hardness  of  quartz.  The  porous  and  dull  varieties  break  more  irregularly  and  are  less  hard."  (p.  380) 
"Under  a  high  power  microscope  cherts  and  flints  are  shown  to  consist  of  a  fine  mosaic  of  chalcedony 
and  quartz  together  with  some  particles  of  clay,  pyrite  and  carbonaceous  matter. 

"The  jasperoid  of  Southwestern  Missouri  is  composed  chiefly  of  a  fine-grained  zenomorphic  ag- 
gregate of  irregular,  rounded  or  wedge-shaped  quartz  grains  the  diameters  of  which  usually  have  a 
length  of  0.02  to  0.06mm." 

3Kemp.    op.     cit.     5th  ed.     1921.     p.  26. 

4Some  geologists  maintain  that  flint,  etc.  have  conchoidal  fracture  as  an  inherent  property  but  five 
minutes  experiment  with  a  piece  of  flint  and  a  hammer  will  show  that  splintery  fracture  is  quite  as 
inherent  as  conchoidal  fracture.  The  flint  knappers  of  England  even  "split"  blocks  of  flint  and  also 
produce  true  cones  with  a  single  blow.  As  generally  used  in  geology,  conchoidal  fracture  refers  to  the 
group  of  shell-like  scars  produced  by  a  glancing  blow  of  the  hammer  and  not  to  a  single  conchoidal 
flake,  so  that  for  the  geologist  this  is  really  a  test  of  homogeniety. 


Plate  No.  14 
Natural  Size 

Eight  flakes,  rejects  of  black  flint  from  the  escargotiere  at  Mechta  el  Arbi,  a  paleolithic  habitation 
site,  west  of  Constantine,  Algeria  were  selected  by  Mr.  Skavlem  and  their  outlines  drawn.  Four  of 
these  were  worked  into  blanks,  outlines  of  which  ma}-  be  seen  in  the  plate.  From  these  blanks  the 
finished  arrowpoints  were  made  which  are  shown.  The  untouched  flakes  to  the  right  are  similar  in 
shape  and  thickness  to  the  flakes  from  which  the  arrowpoints  on  the  left  were  made  so  that  a  fair  idea 
may  be  obtained  of  the  amount  of  shaping  required  in  making  an  arrow  point  from  an  ordinary  flake. 
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pending  entirely  on  the  manner  in  which  the  forces  causing  breakage 
are  applied.  Stevens1  apparently  sensed  this  fact  for  he  states  that 
conchoidal  fracture  is  caused  by  human  manipulation  but  misses  the 
whole  truth  when  he  says  that  this  human  manipulation  enables 
the  material  to  take  its  own  line  of  cleavage. 

It  is  well  recognized  that  breaking,  or  to  use  the  technical  term, 
"failure"  of  any  material  must  occur  either  on  the  plane  of  greatest 
weakness  (a  chain  breaks  at  its  weakest  link)  or  on  a  plane  normal 
to  the  greatest  tensile  stress,  on  a  plane  normal  to  the  greatest 
extension  or  on  the  plane  of  greatest  shear  stress.  Inasmuch  as  the 
materials  used  for  chipped  implements,  flint,  obsidian,  etc.,.  are  homo- 
geneous and  have  no  line  of  greatest  weakness,  the  question  of  how 
chipped  implements  are  made  becomes  a  practical  problem  in  the 
elasticity  of  solids. 

When  the  flint  knapper  wishes  to  break  up  a  large  ncdule  of  gccd 
homogeneous  black  flint  he  balances  it  on  his  leg  with  the  longest 
axis  more  or  less  perpendicular  to  the  ground.     With  a  heavy  blunt 


Stevens.     Flint  Chips,  pp.  83,  84.    Quoted  by  Wilson  p. 


Rept.  U.  S.  Xat.  Museum.     1897. 


Plate  No.  15 
Photo  by  Courtesy  of  F.  N.  Haward 

A  flint  miner  at  work  lying  down  in  the  bottom  of 
a  pit.  The  iron  pick  is  shaped  like  the  picks  of  deer- 
horn  found  in  the  Neolithic  mines  and  it  is  claimed 
that  these  miners  are  direct  descendants  from  the 
Neolithic  inhabitants  of  the  region.  They  have  a 
vocabulary  of  special  terms  so  extensive  that  it  is 
claimed  to  be  remnants  of  an  unknown  language. 

The  flint  is  found  in  large  nodules  in  the  chalk  and 
was  mined  for  gun  flints,  building  material  and  road 
metal  until  recently.  The  miners  descended  to  the 
desired  level  by  four  foot  stages  forming  a  spiral  square. 
The  flint  was  carried  out  by  hand,  being  lifted  up 
one  step  at  a  time,  the  operator  climbing  after  it. 
The  depth  of  the  pits  vary  up  to  about  forty  feet. 
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hammer  he  strikes  a  strong  "pushing  blow'  (see  Plate  No.  17) 
which  "splits''  the  nodule  in  a  straight  line  at  right  angles  to  its 
long  axis.  This  "split"  or  failure  is  brought  about  because  the  slow 
heavy  hammer  blow  compresses  the  nodule  in  the  direction  of  the 
blow,  that  is,  it  shortens  the  long  axis  (fig.  1)  and  causes  an  extension 
of  the  other  two  axes.  In  other  words  the  nodule  is  made  thinner 
in  the  direction  of  the  blow.  The  break  or  failure  occurs  because 
this  extension  is  greater  than  the  material  can  stand. 


Plate  No.  16 
Photo  used  by  Courtesy  of  Mr.  F.  N.  Haward 

A  trroup  of  flint  rings  made  by  the  Flint  Knapper,  Fred  Snare  of  Brandon,  Suffolk.  England.  These 
constitute  one  proof  that  flint  has  no  inherent  planes  of  cleavage,  or  planes  of  least  resistance,  but  can 
be  broken  in  any  direction  depending  only  on  the  way  force  is  applied  to  produce  planes  of  greatest 
stress. 
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In  order  to  produce  this  typical  break  which  the  flint  kngpper 
calls  "quartering",  the  blow  must  be  delivered  with  a  heavy  blunt 
hammer.     It  must  be  slow  and  straight:  at  right  angles  to  the  long 
axis  of  the  nodule.    The  nodule  is  placed  on  the  knee  of  the  operator 
and  balanced  with  the  hand.     The  combination  of  slow  blow  and 
non-solid  rest  for  the  nodule  enables  the  force  of  the  blow  to  act  as 
stated.     Any  amount  of  quick  sledge-hammer  blows  will  not  break 
the  nodule  as  desired.     This  is  probably  due  to  the  fact  that  hard 
swinging  blows  crush  the  tiny  crystals  of  the  material  with  their 
tremendous  dynamic  force  so  that  this  force  is  then  obliged  to  travel 
through   a    non-homogeneous   powder  instead   of  through   a   homo- 
geneous solid.     The  non-solid  rest  or  support  for  the  material  allows 
it  to  '"give"  to  the  force  of  the  blow  instead  of  rigidly  resisting  and 
the  flint  knappers  insist  that  in  all  their  operations  except  the  final 
one  of  knapping  they  must  rest  the  material  on  a  non-solid  support, 
otherwise  the  flint  is  shattered  and  broken  in  undesired  directions. 
This  indicates  that  in  "quartering"  a  flint  the  blow  must  be  such 
that  it  may  act  as  a  pressure  rather  than  as  a  sudden  impact. 

Occasionally  workers  in  flint  produce  a  perfect  cone  (See  Plate 
22,  Xo.  3").  The  flint  knappers  will  take  orders  for  these  but  so  far 
as   the  writer  has  been   able  to  learn  it  is   considered   an  accident 


Plate  Xo.  17 

Mr.  Fred  Snare,  "king  of  flint  knappers.''  '"quarter- 
ing" a  flint  nodule.  The  nodule  is  balanced  on  the 
padded  leg  of  the  operator  and  struck  with  a  heavy 
pushing  blow  with  a  large  blunt  hammer.  The  blow 
is  delivered  at  about  right  angles  to  the  long  axis  of 
the  nodule.  The  flint  is  compressed  in  the  direction 
of  the  blow  and  accordingly  extended  at  right  angles 
to  the  compression.  This  extension  exceeds  the 
strength  of  the  material  so  that  a  failure  occurs  on  a 
plane  at  right  angles  to  the  extension.  The  flat  surface 
thus  produced  serves  as  a  striking  platform  which 
receives  the  blows  from  a  pointed  hammer  used  in 
making  blades  or  flakes. 
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which  they  do  not  sufficiently  understand_to  be  able  to  demonstrate 
at  will.     Several  years  ago  at  a  museum  in"  England  the  writer  saw 


Plate  Xo.  18 

Mr.  Fred  Snare,  Brandon,  England  producing 
flakes  or  blades  of  black  flint  for  making  gun 
flints.  June  1924.  A  "quartered"  flint  is 
rested  on  the  padded  leg  of  the  operator  and 
struck  with  the  pointed  hammer.  The  hammer 
strikes  on  the  edge  of  a  flat  surface  and  per- 
pendicular to  that  surface.  The  blow  is  slow 
and  "follows  through"  so  that  it  acts  less  with 
dynamic  intensity  but  more  as  a  sustained 
pressure.  The  non  solid  rest  permits  the  block 
to  "give"  or  move  a  little  under  the  blow  thus 
absorbing  some  of  the  shock,  and  reducing  the 
dynamic  intensity.  This  further  enables  the 
force  to  act  as  a  pressure.  The  pressure  causes 
an  extension  in  the  flint  which  is  at  right  angles 
to  the  pressure  or  compressing  force  causing  a 
failure  in  the  material  and  thus  producing  a  blade. 
The  blades  are  from  four  to  six  or  eight  inches 
long  depending  on  the  length  of  the  block  from 
which  they  are  struck.  All  are  of  maximum 
length  because  the  blow  is  so  controlled  that 
there  is  not  sufficient  bending  to  shorten  or 
break  the  blade  before  it  has  completely  sep- 
arated from  the  core  or  nucleus.  See  text  page  51 . 
for  complete  description  of  this  process. 
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Haward 

Mr.  Fred  Snare  "'knapping"  flint  blades 
into  gun  flints.  The  blade  is  held  on  a  flat 
topped  steel  stake  and  struck  with  a  steel 
knapping  hammer  (an  old  file  hafted).  The 
blow  is  sharp  and  causes  excessive  bending  so 
that  the  blade  is  broken  square  across.  The 
edges tare  straightened  by  resting  the  gun  flint 
on  the  steel  peg  and  swinging  the  knapping 
hammer  in   such   a   way  that   it   acts  with  the 

steel  peg  like  the  blades  of  a  pair  of  shears  and  crushes  off  the  thin  edge  of  the  flint. 

The  drawing  gives  a  better  view  of  the  steel  stake  described  in  connection  with  the  photograph  of 

Mr.  Snare.     Some  flint  knappers  have  a  solid  block  in  front  of  the  steel  stake  instead  of  the  leather  pad. 


Plate  No.  19 


Plate  No.  20 
Reduced  5% 

A  flint  pebble  from  the  coast  of  Denmark  which  Mr.  Skavlem  "split"  by  a  slow  blow  with  a 
hammerstone.  The  flint  pebble  was  placed  on  a  large  stone  anvil  and  struck  a  heavy  blow  with  the 
hammerstone.  The  split  occurred  because  the  force  of  the  blow  compressed  the  pebble  in  the  direction 
of  the  blow  causing  it  to  extend  along  the  two  axes  at  right  angles  to  the  direction  of  the  compression. 
This  extension  was  in  excess  of  that  which  the  flint  could  stand  so  that  a  failure  was  produced  at  right 
angles  to  the  extension  (See  text,  pages  40  and  41).  The  failure  might  have  taken  place  at  right  angles 
to  the  other  axis  of  extension  which  is  also  perpendicular  to  the  direction  of  the  compressing  force. 
With  the  present  state  of  our  knowledge  we  cannot  say  why  the  extension  in  one  direction  should  bring 
about  a  failure  while  a  similar  extension  at  right  angles  does  not.  Probably  in  the  case  of  this  pebble 
the  break  was  possible  in  either  direction. 

The  concentric  rings  visible  on  the  two  sections  of  the  "split"  pebble  would  appear  to  mark  lines 
of  equal  stress  at  all  points  where  failure  occurred  simultaneously.  The  trough  or  wave-like  form  of 
the  surface  is  probably  due  to  the  effect  of  vibrations  in  the  material,  which  may  slightly  alter,  as  between 
one  concentric  ring  and  the  next,  the  position  of  the  plane  of  critical  stress  or  failure. 

At  the  time  this  pebble  was  split  a  flake  was  also  removed  from  one  half  of  the  pebble.  This  flake 
has  the  concentric  rings  of  the  original  split  across  one  face  (the  opposite  of  section  shown  in  lower  part 
of  cut),  but  the  rings  of  the  opposite  face  of  this  flake  indicate  that  the  failure  which  caused  its  separation 
from  half  of  the  pebble  traveled  in  the  opposite  direction.  Accompanying  this  second  failure  due  to 
extension  and  shear  there  was  considerable  bending,  so  that  a  typical  hinge  fracture,  short  flake  was 
produced.  From  this  flake  Mr.  Skavlem  chipped  out  an  unfinished  arrowpoint  which  still  fits  into  the 
pebble. 

The  writer  believes  that  the  force  of  the  compressing  blow  which  caused  the  failure  rebounded 
from  the  anvil  after  the  pebble  was  split.  This  rebound  pressure  caused  the  flake  to  be  produced  just 
as  any  other  flake  is  produced  by  pressure  or  slow  percussion.  When  the  pebble  was  split  the  halves 
fell  to  the  sides.  This  falling  motion  doubtless  supplied  the  bending  force  which  caused  the  shortening 
of  the  flake  and  the  hinue  fracture. 
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a  perfect  example  in  which  the  cone  and  the  negative  cone  were 
complete  and  perfect.  The  negative  cone  had  a  small  hole  at  the 
point  where  the  apex  of  the  cone  touched.  The  hole  was  evidently 
due  to  the  crystals  being  crushed  at  that  point  by  the  impact  of  the 
blow.  Such  a  specimen  is  shown  in  Plate  No.  21.  Less  perfect 
examples  are  quite  common  and  Plate  22,  Nos.  1  and  2  are  cones 
made  by  the  writer.  The  negatives  were  shattered  by  the  blows 
which  made  the  cones. 

The  following  statement  of  Timoshenko  and  Lessalls  may  help 
to  explain  this  phenomenon.1  "Near  to  the  point  of  application 
of  a  concentrated  load,  local  stresses  will  be  produced.  The  exact 
solution  (Obtained  by  Flamant,  Paris,  France  1893  Annales  des 
Ponts  et  Chausses)  of  this  problem  shows  that  these  stresses  at  any 
point  A  (fig.  No.  5)  are  simple  compression  in  a  radial  direction,  the 
magnitude  of  which  is  determined  by  the  equation  pr  equal  -  — ". 

T  r 

This  means  that  the  magnitude  of  this  simple  compression  diminishes 
as  the  cosine  of  the  angle  between  the  direction  of  the  stress  and 


^Timoshenko  &  Lessalls,  Applied  Elasticity,     par.  16,  p.  26.     Normal  Stresses. 

Plate  No.  21 
Enlarged  43% 

Cone  of  percussion  with  negative  complete.  (See  text  pages  42  and  43).  In  producing  the  cone  a 
direct  blow  was  delivered  with  a  blunt  stone  hammer  on  a  flat  surface  of  obsidian.  Care  was  taken 
that  the  blow  struck  perpendicular  to  the  surface.  The  first  result  was  the  crushing  of  the  particles  of 
obsidian  at  the  point  of  impact,  forming  a  tiny  hole.  As  the  blow  was  delivered  with  a  pushing  or  follow 
through  movement,  its  force  acted  as  a  steady  pressure  rather  than  with  dynamic  intensity.  Accord- 
ingly this  force  may  be  considered  as  a  concentrated  load  whose  force  at  any  point  diminishes  as  the 
cosine  of  the  angle  formed  by  the  line  passing  through  that  point  and  the  point  of  application  of  the 
concentrated  load  with  a  perpendicular  passing  through  the  same  point  of  application  of  the  load. 

In  this  case  the  force  was  sufficient  up  to  above  53  degrees  (verify  from  drawing,  take  half  of  angle 
shown)  to  cause  an  extension  at  right  angles  strong  enough  to  produce  a  failure  in  the  material,  thus 
forming  a  cone.  The  failure  was  over  such  a  small  area,  however,  that  it  did  not  become  visible  until 
a  flake  was  removed  at  right  angles  to  the  cone. 

So  far  as  can  be  ascertained  there  is  but  one  other  cone  with  complete  negative  in  the  world.  This 
was  seen  in  an  English  museum  several  years  ago  but  letters  to  several  friends  in  museums  formerly 
visited  have  failed  to  relocate  the  specimen.  The  example  here  shown  was  produced  by  the  writer  in 
a  block  of  black  obsidian  from  California.  Several  blows  were  struck  with  a  stone  hammer  on  the  flat 
surface  of  a  large  block  of  obsidian  to  "quarter"  it  in  order  to  obtain  a  striking  platform  from  which 
blades  could  be  removed. 

The  hammer,  No.  2,  Plate  No.  57,  was  not  heavy  and  the  blows  delivered  with  too  little  force  to 
compress  the  block  and  produce  enough  extension  to  split  it.  The  face  of  the  block  was  spotted  by 
the  repeated  light  blows.  Eventually  a  heavier  stone  hammer  was  used  and  a  blow  of  greater  force 
delivered  which  did  split  the  block.  In  these  experiments  the  block  of  obsidian  was  balanced  on  the 
lawn  and  the  blows  delivered  with  the  directness  and  "follow  through"  of  a  golfer's  drive. 

Later  an  attempt  was  made  to  produce  long  blades  from  this  block  of  obsidian  by  the  punch  and 
hammerstone  method  reported  as  used  by  some  American  Indians  who  worked  with  obsidian.  The 
first  flake  removed  encountered  the  already  formed  cone  as  a  flaw,  but  passed  around  it  giving  a  perfect 
negative  and  an  intact  cone.  The  cone  seen  in  England  was  larger  and  had  been  produced  by  the  flint 
knappers  of  Brandon.    Cones  are  often  produced  but  usually  the  negative  cone  is  shattered  in  the  process . 
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the  perpendicular  running  through  the  point  of  application  of  the 
concentrated  load.  In  a  homogeneous  solid  like  good  flint  this 
diminishing  compressive  force  is  sufficiently  great  up  to  an  angle 
of  about  fifty  degrees  (this  angle  varies  from  50  to  76  as  shown  in 
figures  that  go  with  Plate  22)  to  produce,  at  right  angles,  an  extension 
which,  combined  with  the  parallel  tensile  stress  caused  by  shear,  is 
sufficient  to  cause  fracture.  This  fracture  produces  a  cone,  the 
sides  of  which  form  an  angle  of  about  fifty  degrees  (actual  experi- 
ments shown  in  figures  with  plates  21  and  22)  with  the  perpendicular 
running  through  the  apex. 

The  concentric  rings  found  on  such  cones  would  appear  to  mark 
lines  of  equal  stress,  at  all  points  of  which  failure  occurs  simultan- 
eously. The  trough  or  wave-like  form  of  the  surface  is  probably 
due  to  the  effect  of  vibrations  in  the  material,  which  may  slightly 
alter,  as  between  one  concentric  ring  and  the  next,  the  position  of 
the  plane  of  critical  stress  or  failure. 

Flakes  and  blades  seem  to  be  produced  by  a  combination  of  lateral 
extension  due  to  compression  and  shearing  stress1  produced  by 
downward  pressure.  Their  length  is  determined  by  bending  produced 
by  whatever  outward  pressure  is  exerted.  Long  blades  are  produced 
when  the  bending  stress  is  almost  negligible  and  short  flakes  are  the 
result  of  bending  being  dominant-. 


Shearing  stress  appears  to  be  of  very  minor  importance  and  probably  extension  alone  will  account 
for  the  failure. 

2Boyd.  James  E.  Strength  of  Materials.  Par.  26.  Shear  and  Shearing  Stress,  p.  37.  "Shearing 
and  bending  occur  in  a  homogeneous  solid  when  two  forces  are  acting  in  parallel  planes  and  in  opposite 
directions.  Shearing  stresses  depend  on  the  magnitude  of  the  forces  and  the  area  on  which  they  act. 
Bending  depends  upon  these  and  also  upon  the  distance  of  the  forces  apart.  If  this  distance  apart 
becomes  negligible  the  unit  bending  stress  becomes  small  while  the  unit  shearing  stress  is  unchanged." 


Plate  No.  22 

Cones  of  percussion  each  produced  by  a  single  blow.  The  blow  was  delivered  as  nearly  perpendic- 
ular to  the  surface  of  the  material  as  possible  and  in  a  "follow  through"  manner  so  that  the  force  acted 
as  a  pressure.  The  particles  at  the  point  of  contact  were  crushed  by  the  intensity  of  the  blow.  This 
crushing  together  with  the  non  solid  support  on  which  the  material  rested  absorbed  part  of  the  shock 
further  facilitating  much  of  the  force  of  the  blow  to  act  as  a  pressure.  This  pressure  being  a  concen- 
trated load  acts  as  stated  in  text  on  pages  4.3-47  and  produces  a  cone  as  described. 

Xo.  1,  Gray  flint  from  Brandon,  England.  This  piece  is  not  very  homogeneous  and 
contained  a  "pocket"  of  chalk.  The  cone  was  made  by  the  writer  with  a  hafted  stone  hammer  also 
made  by  him. 

Xo.  2,    Red  Obsidian  from  Mexico.  Cone  made  by  A.  W.  Pond  with  stone  hammer. 

Xo.  3  Black  flint  from  Brandon,  England.  Cone  made  by  Mr.  Fred  Snare,  flint  knapper 
at  Brandon. 
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In  obtaining  a  flake  or  a  blade  from  a  piece  of  homogeneous 
material  Mr.  Skavlem  places  it  on  his  wood  anvil  so  that  part  at 
least  of  the  surface  from  which  he  intends  to  remove  the  fragment 
is  free  from  contact  with  the  anvil.  This  anvil  may  be  a  block  of 
wood  with  notches  specially  cut  in  it  for  the  purpose  or  it  may  be 
any  log  or  stump  which  happens  to  be  available.  When  the  material 
is  properly  '  'seated' '  he  places  the  bone  point  or  chipping  tool  on 
or  near  the  edge  where  he  desires  to  remove  a  flake  and  exerts  pressure 
in  a  plane  parallel  to  one  face  of  the  material.  The  opposite  edge 
is,  of  course,  resting  against  the  anvil  so  that  as  the  bone  point  is 
pressed  in  one  direction  the  anvil  exerts  pressure  on  the  material 
in  a  parallel  plane  in  the  opposite  direction.  The  lateral  extension 
due  to  the  direct  pressure  of  the  tool  causes  a  failure  on  a  plane 
roughly  parallel  to  the  face  of  the  blank  so  that  a  flake  or  blade  is 
produced.  The  width  of  this  flake  or  blade  will  be  determined  by 
the  area  on  which  the  compressing  force  applied  through  the  bone 
point  acts.  That  is,  if  the  pressure  is  applied  over  a  large  area  as 
when  a  bone  tool  of  large  diameter  is  used  or  if  the  pressure  is  applied 
some  distance  from  the  edge,  a  broad  flake  will  result.  The  length 
of  the  blade  will  be  determined  by  the  period  of  time  through  which 
the  pressures  are  allowed  to  act.  If  the  pressure  is  continued  until 
failure  has  had  time  to  travel  the  full  length  of  the  face  of  the  material 


Plate  No.  23 
Greatly  reduced 

A  flint  knapper's  core  of  black  flint  with 
replaced  blades.  The  specimen  is  in  the 
British  Museum  and  was  photographed 
by  the  writer  in  1924  by  special  permission. 
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acted  on,  the  blade  will  have  that  length.  If  for  any  reason  the 
pressure  ceases  to  act  before  failure  has  traveled  the  full  length 
of  the  material  the  blade  will  of  course  be  shorter  than  the  full  length. 
In  actual  practice  Mr.  Skavlem  demonstrated  this  with  a  piece  of 
plate  glass  by  so  carefully  controlling  the  pressure  that  he  was  able 
to  produce  a  flake  in  which  the  failure  had  traveled  about  two- 
thirds  of  the  distance  across  the  material  when  the  pressure  ceased 
leaving  the  flake  still  attached  to  the  parent  material. 

In  this  ideal  case  the  force  applied  through  the  bone  point  was 
so  carefully  directed  that  no  outward  bending  occurred.  Accord- 
ingly the  separated  portion  was  not  broken  off.  However,  when 
flakes  are  produced  in  making  chipped  implements  the  compressing 
force  is  not  so  carefully  controlled.  The  result  is  as  soon  as  the  edge 
of  the  flake  nearest  the  chipping  tool  has  separated  from  the  materials 
(as  soon  as  failure  has  commenced)  the  outward  bending  becomes 
considerable.  It  will  be  understood  that  the  bone  point  or  chipping 
tool  remains  in  contact  with  the  flake  during  the  whole  time  the 
flake  is  separating  from  the  material  and  that  the  pressure  is  being 
applied  through  that  point  all  the  time.  In  ordinary  chipping  there 
is  a  tendency  to  move  the  chipping  tool  away  from  the  material 
as  the  flake  separates.  This,  of  course,  produces  considerable  bending. 
If  this  bending  exceeds  the  strength  of  the  material   at  any  time 


Fig.  Xo.  4 

A.  is  the  bone  point  thru  which  pressure  is  applied.  B.  the 
anvil  or  object  on  which  the  block  rests  and  which  exerts  a 
pressure  corresponding  and  in  the  opposite  direction  to  A. 
C.  and  D.  show  the  extension  resulting  from  the  compression 
A.  and  B.  This  extension  is  probably  the  major  force  causing 
the  failure  along  the  dotted   lines   F.  producing  the  flake  E. 
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before  the  failure  caused  bv  shear  and  extension  has  attained  the 
maximum  length  the  flake  will  either  break  or  run  out  to  the  edge 
of  the  material  and  hence  be  shorter  than  the  maximum  length. 

This  bending  not  only  determines  the  length  of  the  flake  but  it 
also  governs  the  shape  of  the  end  opposite  the  application  of  the 
force  which  caused  its  separation.  If  slight  bending  accompanies 
a  gradual  lessening  of  the  shearing-compressing  force,  the  thickness 
of  the  flake  will  diminish  gradually  to  the  thinnest  possible  edge. 
In  such  cases  the  end  of  the  flake  will  be  of  the  same  thickness  and 
sharpnessas  the  sides.  If  bending  is  sudden  and  greatly  increased 
the  flake  will  be  broken  square  across.  The  flint  knapper  uses  this 
sudden,  excessive  bending  in  'knapping",  (Plate  19)  the  process 
by  which  he  produces  the  finished  gun  flint  from  the  long  blade  or 
flake.  If  the  bending  stress  is  between  these  two  extremes,  the 
typical  "hinge  fracture'"  or  rounding  end  of  the  flake  is  produced 


Plate  No.  2-1 
Photograph  by  Mr.  Geo.  L.  Waite 

Makine  an  arrowhead  of  Tennessee  flint  with  a  bone  pressure  tool  and  wooden  anvil.  It  took 
one  and  one-half  minutes  to  make  the  serrated  edge  of  this  arrowpoint  shown  in  the  center  of  Plate 
Xo.  46. 
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(Plate  20).  This  type  of  flake  is  often  produced  when  flakes  are 
struck  from  the  nucleus  with  a  "glancing  blow"  of  a  stone  held  in 
the  hand.  There  are  times  when  a  flake  will  be  produced  which 
ends  in  the  reverse  of  the  typical  'hinge  fracture.'  That  is,  the 
flake  includes  a  part  of  the  end  of  the  nucleus  instead  of  terminating 
in  a  sharp  edge.  Such  a  flake  may  be  said  to  curve  around  the  end 
of  the  nucleus  (Plate  26,  Nos.  2  &  3).  This  appears  to  be  due  to  the 
fact  that  a  flake  or  blade  produced  without  noticeable  bending 
becomes,  near  the  end  of  the  nucleus,  the  same  sort  of  a  medium 
for  the  transmission  of  force  as  the  bone  or  stone  which  caused  its 
separation  from  the  parent  material.  That  is,  near  the  end  of  the 
flake  a  stress  is  created  in  the  homogeneous  solid  nearly  at  right 
angles  to  that  which  caused  the  first  failure.     In  this  second  failure 


CONC^NTHATtD   LOAD 


Fig.  Xo. 
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Plate  Xo.  25 


(See  Opposite  Page) 
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bending  is   considerable   so  that  the   resultant     'flake",   forming  a 
continuation  of  the  original  flake,  is  always  short.1 

At  the  point  where  the  pressure  is  applied  to  remove  a  flake  a 
slight  swelling  on  the  flake  known  as  the  bulb  of  percussion  is  pro- 
duced. This  appears  to  be  due  to  the  same  causes  which  produce 
the  true  cone  described  in  the  early  part  of  the  chapter.  "Near  the 
point  of  a  concentrated  load  local  stresses  are  produced  which  are 
simple  compression  in  a  radial  direction  the  magnitude  of  which 
diminishes  as  the  cosine  of  the  angle  between  any  point  and  the 
perpendicular  passing  through  the  point  of  application  of  the  con- 
centrated load. '  We  saw  in  the  case  of  the  perfect  cone  that  at  an 
angle  of  about  fifty  degrees  the  magnitude  of  this  stress  had 
diminished  to  the  minimum  which,  combined  with  the  diagonal 
tension,  would  overcome  the  cohesion  of  the  homogeneous  material 
under  construction.  When  pressure  is  applied  to  produce  a  flake, 
whether  by  means  of  a  hammer,  a  stone,  or  a  bone  point,  the  first 
failure  to  take  place  is  the  crushing  of  the  particles  at  or  near  the 
point  of  application.    This  is  immediately  followed  by  the  production 


'Dr.  Burkitt  points  out  that  different  types  of  blows  produce  different  types  of  blades  for  he  says: 
"The  direction  of  the  main  blow  on  the  striking  platform  may  be  inwards,  outwards  or  along  the  flint. 
In  the  first  place,  there  is  produced  what  is  known  as  "resolved  flaking",  the  flakes  are  small  and  a 
succession  of  small  broken  ridges  is  produced  in  the  surface  of  the  flint."  (This  is  Mr.  Skavlem's 
plintery  fracture,  see  p.  59).  "In  the  second  method,  long  flakes  are  struck  off  and  a  'feather 
edge'  left,  the  flint  being  planed,  as  it  were,  by  the  blows  without  any  very  definite  ridges 
between  the  surface  of  the  face  produced  and  the  original  surface  of  the  flint."  (This  is  Mr. 
Skavlem's  blade  produced  without  perceptible  bending  but  we  believe  Dr.  Burkitt  misstated  his  point 
as  this  type  of  flake  or  blade  is  produced  by  his  third  type  of  blow  and  not  by  the  second.)  "In  the  third 
method  small  short  flakes  are  'bitten'  off  of  the  edge."  (This  is  Mr.  Skavlem's  short  flake  produced 
with  considerable  bending.)     Dr.  Burkitt  has  merely  transposed  his  second  and  third  types. 

Burkitt,  M.  C.     Prehistory,  p.  64. 


Plate  No.  25 

Fragments  of  plate  glass  from  which  the  writer  removed  flakes  by  pressure  with  a  bone  flaker. 
The  glass  was  placed  on  a  wooden  block  in  which  notches  were  cut  so  that  it  could  be  held  firmly  and 
the  face  from  which  flakes  were  to  be  removed  left  free. 

The  plate  shows  that  flakes  were  removed  in  four  directions  and  on  both  faces  of  the  material 
supporting  Mr.  Skavlem's  contention  that  flakes  are  the  result  of  controlled  application  of  force  and 
not  due  to  inherent  planes  of  cleavage. 

The  process  as  described  on  pages  47-49,  of  this  text  can  be  seen  when  flakes  are  removed  if 
the  pressure  is  applied  carefully  and  the  progressive  separation  along  the  lines  of  the  concentric  rings 
can  be  followed  easily.  This  simple  experiment  will  convince  the  most  skeptical,  for  while  the  pressure 
is  exerted  parallel  to  the  face  of  the  glass  the  failure  can  be  seen  taking  place  at  right  angles  to  that  face. 
In  fact  the  flake  seems  to  jump  away  from  the  nucleus. 
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Plate  No.  26 


(See  Opposite  Page) 
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of  a  small  cone  which,  as  soon  as  separation  has  begun,  allows  the 
pressure  through  the  point  of  application  to  act  with  the  pressure 
of  the  anvil  against  the  material  to  produce  shearing  and  extension 
thus  bringing  about  the  failure  which  produces  the  flake  or  blade 
as  indicated  above. 


Plate  No.  26 
Reduced  44% 

Conchoidal  Fracture  In  Plate  Glass 

No.  I.  Shows  many  fractures  produced  with  pressure  applied  through  a  bone  point.  The  flakes 
removed  over-lap  the  scars  left  by  previous  flakes  so  that  no  idea  can  be  obtained  from  the  final  result 
of  the  shape  of  the  flakes  removed. 

Along  the  right  edge  Mr.  Skavlem  has  removed  a  series  of  twelve  or  thirteen  flakes  consecutively 
so  that  the  scars  left  are  of  uniform  width  and  depth.  This  effect  is  the  ripple  marking  so  greatly  ad- 
mired by  collectors.  Thomas  Wilson1  comments  on  this  style  of  chipping  with  admiration  for  the  Indian 
who  could  consecutively  remove  chips  of  uniform  width  and  thickness.  Like  many  archeologists, 
Wilson  assumed  that  the  scars  on  the  finished  flint  implements  were  "the  truth,  the  whole  truth,  and 
nothing  but  the  truth,"  as  a  record  of  the  flakes  removed.  This  is  not  the  case.  In  the  example  shown 
the  scars  are  uniform  but  the  flakes  removed  were  of  varying  shapes.  Each  flake  was  so  removed  that 
one  edge  cut  through  the  scar  left  by  the  preceding  flake  so  that  uniform  ripple  markings  resulted. 

No.  2.  Scars  produced  with  a  bone  pressure  tool  on  plate  glass.  The  scar  at  the  left  (the  glass  was 
broken  just  before  the  photograph  was  made)  was  produced  when  a  single  flake  was  removed  across  the 
full  width  of  the  glass.  (See  pages  53-54.)  In  removing  this  flake  Mr.  Skavlem  so  carefully 
controlled  the  pressure  on  the  bone  flaker  that  bending  was  not  sufficient  to  break  the  thin  flake  while 
it  was  separating  from  the  parent  material.  The  break  or  failure  was  thus  made  to  travel  clear  across 
the  glass  and  around  the  opposite  edges  from  the  point  on  which  the  pressure  was  applied,  thus  producing 
the  reverse  of  a  hinge  fracture. 

The  second  scar  on  this  same  piece  of  glass  indicates  the  size  and  shape  of  a  single  flake.  In  this 
case  the  carefully  controlled  pressure  on  the  bone  flaker  was  lessened  gradually  accompanied  with  some 
bending  so  that  the  flake  was  completed  before  attaining  the  maximum  length. 

No.  3.  The  three  scars  to  the  left  on  this  piece  are  records  of  flakes  removed  in  order  from  left  to 
right.  All  show  the  negative  bulb  of  percussion.  The  first  and  third  flakes  were  removed  by  pressure 
accompanied  by  slight  bending  so  that  the  maximum  length  was  not  attained.  In  removing  the  third 
flake  the  lessening  of  pressure  and  the  bending  were  so  carefully  controlled  that  the  flake  tapered  out 
to  the  thinnest  possible  edge.  In  fact  the  scar  slopes  so  gradually  to  the  surface  of  the  glass  that  it  is 
difficult  to  sense  the  point  of  contact  with  one's  finger.  The  central  flake  was  removed  with  considerable 
bending  so  that  the  end  of  the  scar  is  an  abrupt  break.  To  the  right  of  the  three  scars  are  the  scars 
of  several  overlapping  flakes.  One  of  these  attained  the  maximum  length  and  moved  down  over  the 
edge  of  the  glass  opposite  the  point  of  application  of  separating  forces. 

No.  4.  Scars  left  by  various  pressure  flakes.  Note  how  those  at  each  end  attained  the  maximum 
length.  On  the  lower  edge  of  the  glass  many  short  flakes  were  removed  by  accompanying  the  separating 
compressing  force  with  excessive  bending  so  that  a  notch  was  worked  on  the  edge  of  the  glass. 

No.  5.     Plate  glass  chipped  with  bone  pressure  tool. 

No.  6.  Glass  dagger  made  by  pressure  technique  with  a  bone  flaker.  The  blade  of  this  dagger 
has  been  made  thinner  than  the  handle  throughout  its  width.  Many  archeologists  have  said  this  thinning 
could  not  be  done  by  modern  man. 

Nos.  7  &  8.  Plate  glass  chipped  with  bone  flaker  by  pressure  and  some  of  No.  8  has  been  thinned 
on  the  left  end  by  removing  flakes  across  its  full  width  as  in  No.  6  the  flakes  removed.  Note  the  varying 
shape  of  the  flakes. 

Nos.  9,  10  &  11.     Points  made  of  plate  glass  by  pressure  flaking  with  a  bone  tool. 


Wilson,  Thomas,  Prehistoric  Art.     Annual  Report  of  the  Smithsonian  Institution   1896.     U.  S. 
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The  concentric  waves  or  shell-like  markings  on  the  removed 
flake  and  their  negative  on  the  nucleus  or  core  from  which  the  flake 
is  removed  are  probably  due  to  the  causes  described  above  in  connec- 
tion with  the  rings  and  waves  on  the  perfect  cone. 

To  summarize  the  process  of  making  a  flake  in  simple  terms  then: 
The  chipping  tool  is  pressed  on  the  edge  of  a  piece  of  homogeneous 
material  like  flint.  This  pressure  compresses  the  molecules  of  a 
certain  portion  of  the  material  producing  stresses  which  cause  this 
portion  to  separate  from  the  rest  of  the  material.  This  separation 
is  hastened  by  exerting  force  in  the  direction  away  from  the  mass 
of  the  material    (bending)   and  the  length  of  the  flake  removed   is 


Plate  No.  27 
Photograph  by  Mr.  Geo.  L.  Waite 


Mr.  H.  L.  Skavlem  starting  to  chip  an  arrow  point  by  percussion  blows  of  a  hammerstone.    The 
anvil  is  a  block  of  wood  in  which  he  has  cut  various  notches  to  hold  the  material  being  worked. 
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determined  largely  by  the  amount  of  this  bending  which  accompanies 
the  compressing  force.  To  the  layman  it  appears  as  if  the  flake  were 
held  together  by  pressure  while  it  is  pulled  away  from  the  parent 
material  although  the  'holding  together'  actually  produces  the 
forces  responsible  for  the  separation. 

The  phenomenon  known  as  splintery  fracture  or  percussion 
chipping  is  due  to  the  crushing  of  the  homogeneous  material  generally 
by  the  dynamic  force  of  a  direct  blow  with  a  pebble  or  hammerstone. 
Bending,  shearing  and  extension  probably  occur  also  but  as  a  rule 
the  dynamic  force  of  a  hard  blow  on  the  edge  of  the  material  causes 


Plate  No.  28 

Reduced  22.5% 

Photograph  by  Mr.  Geo.  L.  Waite 

Arrowpoint  made  by  percussion  technique  with  the  stone  hammerstones  shown  to  right  and  left. 
The  notches  were  made  with  the  edge  of  the  stone  shown  to  the  right.  This  point  was  made  by  Mr. 
Skavlem  in  ten  minutes. 
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it  to  splinter  or  to  break  in  stairs.  This  type  of  fracture  was  used 
in  making  many  of  the  coarser  primitive  implements  but  it  does  not 
lend  itself  to  thinning  an  implement  as  well  as  the  pressure  method 
and  was  generally  used  to  give  symmetrical  outline  to  a  piece  which 
had  the  desired  thickness  or  in  which  thickness  was  a  matter  of 
indifference.  In  the  hands  of  a  skilled  workman  the  percussion  tech- 
nique may  approach  the  pressure  method  of  shaping  an  implement 
and  may  produce  many  typical  conchoidal  flakes  but  at  best  there 
are  always  many  splintery  scars  to  tell  the  initiated  that  a  hammer- 
stone  and  not  a  bone  pressure  tool  was  used. 

It  may  be  argued  that  the  various  fractures  in  flint,  etc.,  have 
been  reduced  to  rather  simple  causes.  In  actual  application  the 
fracture  is  doubtless  more  complicated  than  has  been  indicated  but 
the  ideal  fractures,  the  writer  believes,  are  produced  in  the  main 
as  described.  Flaws,  inclusions  and  other  causes  of  non-homogeniety, 
such  as  cooling  stresses  in  obsidian,  are  often  responsible  for  failure 
of  a  material  to  break  as  desired.  Inability  of  the  workman  to  control 
accurately  the  application  of  forces  which  cause  the  flakes  to  be 
produced  together  with  the  complicated  stresses  and  vibration 
produced  when  the  forces  are  applied  so  as  to  have  marked  impact 
effect  instead  of  simple  pressure,  all  contribute  to  make  the  actual 
application  of  the  description  here  given  more  complicated.  How- 
ever, the  writer  believes  that  any  student  who  will  take  the  trouble 


Plate  No.  29 
Enlarged  6.66% 

Nos.  1-5.  Indian  Arrow  points  from  White  Crow's  Village  site,  Lake  Koshkonong,  Wisconsin. 
The  scars  on  these  indicate  that  they  were  made  by  percussion  blows  of  a  hammerstone  and  that  no 
bone  pressure  tool  was  used. 

Nos.  6-10.  Points  made  by  Mr.  Skavlem  by  percussion  blows  of  a  hammerstone.  The  finishing 
on  No.  9  and  No.  10  was  done  with  a  pointed  piece  of  flint  and  the  pressure  technique.  This  gives  an 
opportunity  to  compare  the  pressure  and  percussion  techniques  as  in  both  cases  a  stone  was  the  tool 
used. 
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to  read  the  fore-going  will  be  able  to  apply  the  principles  as  has 
Mr.  Skavlem  and  like  him  will,  with  a  little  practice,  be  able  to 
make  arrowheads  and  other  chipped  implements. 


Plate  No.  30 
Enlarged  8% 

Nos.   1-9.     Indian-made  arrowheads.     These  show  some  percussion  scars  but  pressure  scars  are 
prominent  indicating  that  a  bone  pressure  tool  was  used  for  the  finishing  work  at  least. 

Nos.   10-14.     Quartzite  and  chert  points  made  by  Mr.  Skavlem  with  a  bone  pressure  tool  to  be 
compared  with  average  Indian  work. 
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Flint  Fracture  by  Man  and  Nature 

In  England  a  great  amount  of  investigation  and  experiment  has 
been  carried  on  concerning  flint  fracture  with  special  reference  to 
the  work  done  by  natural  forces  versus  that  done  by  man.  Many 
of  the  investigators  recognize  that  different  types  of  blows  produce 
different  kinds  of  flakes  but  all  assume  that  the  flint  breaks  under 
these  blows  because  of  some  inherent  planes  of  greatest  weakness. 
This  is  hardly  in  accord  with  the  statement  of  these  same  authors 
that  flint  is  homogeneous.  So  far  as  this  writer  has  discovered  no 
one  except  Air.  Skavlem  has  fully  recognized  that  the  homogeneous 
rocks  used  in  the  making  of  chipped  implements  break  along  planes 
of  greatest  stress  and  that  whenever  that  stress  exceeds  the  strength 
of  the  material  a  break  or  failure  will  occur. 

The  English  experimenters  have  in  some  cases  laid  great  em- 
phasis on  the  amount  of  force  (which  they  have  measured)  employed 
in  their  experiments  apparently  believing  that  quantity  of  force 
is  the  important  factor  in  producing  different  kinds  of  fracture  in 
flint.  This  has  an  important  bearing  on  the  problem,  of  course, 
because  different  types  of  material  have  different  strengths.     Also 

Plate  No.  31 
Enlarged  70% 

This  Indian  arrowhead  was 
found  on  White  Crow's  Village 
Site,  Lake  Koshkonong.  Wis- 
consin. It  was  a  simple  "leaf 
type"  and  Mr.  Skavlem  decided 
to  improve  on  the  work  of  the 
Indian  by  making  a  "stemmed 
type".  Two  of  the  flakes  which 
Mr.  Skavlem  removed  with  his 
bone  chipping  tool  are  shown 
with  the  arrowpoint.  Xote  how 
the  flint  had  changed  color  on 
the  outside  since  it  was  chipped 
by  the  original  arrowmaker.  This 
external  change  of  flint  and 
similar  materials  is  called  patin- 
ation.  It  depends  apparently  on 
climatic  conditions  or  chemical 
reactions  occurring  in  the  deposit 
in  which  the  flint  lays.  Under 
certain  conditions  patination  may 
be  used  as  a  clue  to  age  as  when 
one  specimen  has  two  or  more 
colors  or  types  of  patination. 
The  time  required  for  a  given 
amount  of  patination  varies  so 
greatly  that  it  is  not  a  reliable 
criterion. 


Plate  No.  31 
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fractures  covering  large  areas  require  a  greater  amount  of  force  than 
a  similar  type  of  fracture  of  smaller  area.  If  experiments  could  be 
conducted  with  expensive  apparatus  so  finely  adjusted  as  to  indicate 
the  exact  force  necessary  to  produce  various  types  of  fracture  and 
could  correctly  register  the  angle  at  which  such  force  was  applied, 
such  quantitative  study  would  be  of  great  value.  Until  such  finely 
adjusted  apparatus  is  available  for  the  archeologist  it  seems  best 
to  say  that  quantity  of  force  is  of  less  importance  in  flint  fracture 
than  control  of  the  angles  at  which  it  is  applied,  providing,  of  course, 
the  quantity  is  great  enough  to  overcome  the  strength  of  the  material 
being  worked.  During  his  work  Mr.  Skavlem  has  many  times 
expressed  the  wish  that  a  study  of  flint  fracture  could  be  made  before 
an  ultra-speed  motion  picture  camera  capable  of  registering  the 
progress  of  a  fracture  which  produces  a  flake.  Such  experiments 
would  be  conclusive. 

The  experimenters  in  England,  known  to  the  writer,  who  are 
most  interested  in  the  fracture  of  flint  are  Mr.  S.  Hazeldine  Warren, 
Mr.  F.  N.  Haward  and  Mr.  J.  Rcid  Moir.  The  first  two  gentlemen 
appear  to  be  convinced  that  eoliths,  rostro-carinates  and  similar 
pre-paleolithic  flints  are  the  work  of  natural  forces  while  the  last 
named  gentleman  considers  them  the  work  of  intelligent  design. 
Both  groups  have  a  number  of  very  staunch  supporters. 

By  means  of  heavily  loaded  sleds,  jack  screws  and  similar  devices 
the  first  group  have  imitated  the  forces  of  nature  as  represented  in 
soil  movements,  glacial  movements  etc.,  and  have  produced  various 
fractures  in  flint  actually  duplicating  every  type  of  eolith  and  other 
so-called  tools  of  pre-paleolithic  periods.  Those  opposed  to  the 
belief  that  natural  forces  could  produce  the  types  in  question  seem 
to  base  their  arguments  on  the  shape  of  stones  which,  in  outline  at 
least,  resemble  tools,  and  on  the  way  in  which  such  stones  'fit  the 
hand'  (forgetting  that  any  stone  without  too  many  sharp  angles 
will  fit  the  admirably  adaptable  hand). 

Both  sides  have  collected  extensively  and  accumulated  a  great 
quantity  of  material  to  illustrate  their  points.  Some  of  this  has 
led  to  extremely  scientific  excavations  for  Mr.  Warren  and  others 
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have  found  many  fractured  flints  in  situ.     In  some  cases  a  piece  of 

flint  has  been  found  with  another  stone  which  was  forced  across  it 

to  the  broken  edge.     The  scratch  indicating  the  course  of  the  pebble 

across  the  flint  showed  plainly  and  the  flakes  broken  out  were  still 

in  contact  with  the  parent  block.     Similar  examples  actually  in  place 

have  been  found  several  times  so  that  there  is  no  doubt  that  nature 

can  and  is  producing  the  types  under  discussion. 

The  writer's  own   feeling  is   that   too   much   selection   has   been 

exercised  in  collecting  the  so-called  pre-paleolithic  implements.     The 

emphasis  is  laid  on  form  and  hundreds  of  flints  with  only  a  few  flakes 

removed,  are  cast  aside  before  one  of  suitable  shape  is  saved  to 
support  the  argument.     In  the  course  of  years  of  collecting  naturally 

an  impressive  series  can  be  secured  but  the  hundreds  of  discarded 
specimens  show  scars  of  removed  flakes  closely  resembling  those 
on  the  accepted  specimens  except  that  they  do  not  contribute  to 
a  form  conceivably  the  product  of  intelligence. 
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Plate  Xo.  32 

Photograph  by  Mr.  Geo.  L.  Watte 

Mr.  Skavlem  seated  and  Mr.  Geo.  L.  Waite  standing — Mr.  Skavlem  often  made  stone  axes  and 
celts  while  sitting  in  the  "point  blind"  waiting  for  ducks. 
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Making-  Pecked  and  Ground  Implements 

Pecking  and  grinding  is  a  simpler  and  easier  method  than  chipping 
for  shaping  many  kinds  of  stone  without  the  aid  of  metal  tools. 
However,  for  some  reason  primitive  man  first  discovered  the  chipping 
process  and  continued  its  use  for  thousands  of  years  before  he  learned 
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Plate  No.  33 
Enlarged  3.5% 

Xo.  i.  A  fluted  ax  well  finished  and  polished.  It  was  made  from  a  rough  pebble  by  Mr.  Skavlem 
in  seven  hours.  It  is  a  particularly  fine  specimen  and  shows  positively  that  the  chert  pecking  hammer 
and  sandstone  grinder  (the  only  tools  used  in  its  manufacture)  were  effective  tools  adapted  to  the  finest 
work  left  us  by  the  Indian. 

No.  2.  A  fine  polished  celt  made  by  Mr.  Skavlem.  Irregularities  in  the  material  could  not  be 
removed  without  greatly  reducing  the  thickness  of  the  celt. 
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the  pecking  and  grinding  technique.  Archeologists  have  long  known 
that  the  Indians  made  axes,  celts  and  similar  tools  by  pecking  and 
grinding,  but  many  have  assumed  that  the  process  was  long,  tedious 
and  difficult.  This  point  of  view  has  been  encouraged  by  explorers' 
accounts  in  which  it  is  stated  that  some  axes  required  generations 
to  complete.  Those  scientists  who  have  attempted  to  make  axes, 
etc.,  by  this  technique  have  found  in  a  few  minutes  that  their  pro- 
gress was  scarcely  noticeable.  From  that  limited  experiment  they 
have  concluded  that  the  explorers  were  right  and  that  a  great  many 
hours  if  not  months  would  be  required  to  make  a  single  ax. 

Mr.  Skavlem  has  the  spirit  of  a  true  scientist  and  is  seldom 
swayed  by  the  mere  "say  so"  of  others.  He  likes  to  check  up  on 
the  statement  of  others  and  prove  to  his  own  satisfaction  whether 
or  not  a  thing  is  true.     It  was  in  this  spirit  that  he  made  his  first  celt. 

One  da}'  while  walking  through  the  cornfield  which  was  once  the 
site  of  White  Crow's  village  he  found  a  broken  celt.  It  occurred  to 
him  that  he  might  repair  it  with  the  tools  available  to  the  Indian. 
Accordingly,  he  picked  up  a  piece  of  chert  which  had  a  sharp  edge 
and  began  striking  the  broken  celt  with  it  in  an  attempt  to  sharpen 
or  repair  it.  He  continued  his  search  for  artifacts  while  pecking 
away  at  the  broken  celt  and  in  that  way,  time  passed  unnoticed  for 
several  minutes.  When  he  did  stop  to  examine  the  results  of  his 
continued  pecking  he  found  that  real  progress  had  been  made  in 
reshaping  the  broken  celt.  Examination  of  his  "pecking  hammer' 
or  the  bit  of  chert  with  sharp  edge  which  he  had  been  using  showed 
that  the  sharp  edge  had  been  battered  away  to  a  rounded  or  dulled 
appearance.  His  natural  conclusion  was  that  the  pecking  hammer 
had  become  dull  so  it  was  tossed  aside  and  a  second  piece  of  chert 
picked  up.  In  looking  that  over  to  find  a  sharp  edge  he  discovered 
that  it  was  in  the  same  condition  of  "dullness"  as  the  piece  he  had 
just  discarded.  His  curiosity  was  thoroughly  aroused  by  that  and 
further  search  was  made  for  pieces  of  chert. 

This  village  site  had  been  hunted  over  for  fifty  or  sixty  years 
by  collectors  of  Indian  relics  but  up  to  that  day  no  one  had  been 


Page  73 


Making  Pecked  and  Ground  Implements 


10 


11 


12 


Plate  N      u 


."     . 


P.:.      " 


Logan  Museum — Beloit  College 


interested  in  pecking  hammers.  It  was  not  difficult  to  find  a  large 
quantity  of  chert  fragments  and  a  large  percentage  showed  that 
typical  "dullness"  which  had  just  been  noticed.  Some  of  the  speci- 
mens found  had  all  the  corners  and  sharp  edges  battered  off  so  that 
they  were  nearly  spherical.  These  convinced  Mr.  Skavlem  that 
they  had  been  used  by  the  Indian  just  as  he  had  been  using  a  similar 
piece  to  shape  the  broken  celt.  He  then  picked  up  the  chert  he  had 
discarded  in  the  belief  that  it  was  too  dull  for  his  purpose  and  con- 
tinued to  use  it.  This  time  however,  he  paid  more  attention  to  his 
'pecking"  and  did  not  attempt  to  pass  the  time  looking  for  other 
relics. 

Close  examination  showed  that  as  he  struck  the  broken  celt  with 
the  piece  of  chert,  bits  of  the  chert  flew  off  leaving  many  sharp  edges. 
These  sharp  edges  acted  as  so  many  tiny  chisels  which  cut  the  cry- 
stals of  the  celt  reducing  them  to  dust  and  so  gradually  shaping 
the  broken  celt  as  desired.  In  about  an  hour  the  broken  celt  had 
been  reduced  to  the  proper  shape  but  the  marks  of  the  pecking 
showed  distinctly,  leaving  the  surface  rough  instead  of  smooth  as 
is  the  case  with  a  finished  Indian  celt. 


Plate  No.  34 
'     Reduced  64.2% 

No.s.  i,  3,  4,  5.  Pecking  hammers  of  chert  from  Carcajou  Point,  Lake  Koshkonong,  Wisconsin 
which  have  been  used  by  Mr.  Skavlem  in  shaping  stone  axes  and  celts.  Note  the  battered  surfaces 
with  minute  sharp  edges  which  act  as  tiny  chisels  in  cutting  the  crystals  of  a  stone  being  shaped  by  the 
packing  process. 

Nos.  2,  6.  7,  8,  9  &  10.  Pecking  hammers  of  chert  or  flint  left  by  the  Indians  on  White  Crow's 
Village  site,  Lake  Koshkonong,  Wisconsin.  Note  the  same  sort  of  battered  surfaces  as  shown  on  the 
pecking  hammers  used  by  Mr.  Skavlem. 

No.  11.  A  pebble  used  by  the  Indian  as  a  hammerstone  (distinguish  from  pecking  hammer  above). 
Found  at  Carcajou  Point.  Note  pitted  center  and  battered  edge.  This  was  doubtless  used  to  break 
flint  into  suitable  flakes  for  making  arrow  points, etc.,  and  also  for  shaping  flint  implements  by  the 
percussion  method. 

No.  12.  A  hammerstone  showing  pitted  face  and  battered  edges  produced  by  Mr.  Skavlem  in 
shaping  flint  by  the  percussion  process. 

No.  13.  A  hammerstone  used  by  both  Mr.  Skavlem  and  the  Indian.  The  pitted  face  and  battered 
edge  visible  in  the  cut  were  produced  by  the  Indian  while  similar  markings  made  by  Mr.  Skavlem  can 
not  be  seen.     Compare  with  No.  12. 


Page  75 


Making  Pecked  and  Ground  Implements 


Plate  Xo.  55 


(See  Opposite  Page) 


" 


Logan  Museum — Beloit  College 


Mr.  Skavlem  knew  that  the  desired  smoothness  could  be  obtained 
by  rubbing  the  celt  on  a  piece  of  sandstone  which  was  abundant 
in  the  vicinity.  A  few  moments  vigorous  rubbing  on  this  primitive 
type  of  grindstone  showed  progress  in  smoothing  the  celt  but  it  also 
"gummed  up"  the  sandstone. 

Anyone  who  has  used  a  modern  grindstone  knows  that  it  is  neces- 
sary to  use  water  when  grinding  in  order  to  prevent  this  "gumming' '. 
Mr.  Skavlem  assumed  that  the  Indian  would  have  made  the  same 
discovery  and  so  transferred  his  scene  of  operations  from  the  corn 
field  to  the  lakeshore.  In  less  than  ten  minutes  he  had  removed 
all  trace  of  the  pecking  process  and  had  a  fine  smooth  celt.  The 
sandstone  which  he  had  been  using  as  a  grindstone  had  a  slight 
depression  worn  in  it  which  "fitted"  the  curve  of  the  finished  celt- 

The  next  step  in  verifying  the  technique  he  had  just  been  using 
was  to  see  if  the  Indian  had  left  any  similar  "grindstones"  on  the 
village  site.  On  turning  over  the  one  just  used  Mr.  Skavlem  found 
a  depression  on  the  other  side  similar  to  that  he  had  made  by  grinding 
the  celt.  By  collecting  all  pieces  of  sandstone  on  the  village  site  he 
discovered  many  with  the  same  evidence  of  use  on  one  side  or  the 


Plate  No.  35 
Reduced  64.2% 

No.   i.     Sandstone  with  groove  worn  by  grinding  edge  of  celt  or  ax.     Found  on  White  Crow's 
Village  Site. 

Xo.  2.     Sandstone  used  by  Indian  in  grinding  stone  axes.     Note  the  residue  indicating  that  not 
enough  water  was  used  during  the  grinding.    This  is  the  stone  mentioned  on  page  79. 

Xo.  3.    An  Indian  grindstone.     Xote  hollow  worn  by  grinding  a  stone  ax  or  celt. 

Xo.  4.     Sandstone  used  by  Mr.  Skavlem  to  remove  evidence  of  the  use  of  the  pecking  hammer 
on  stone  axes  and  celts  and  to  make  a  sharp  edge  on  these  tools. 

Xo.  5.    An  Indian  grindstone,  also  used  by  Mr.  Skavlem.    Xote  slight  hollow  where  tools  have  been 
rubbed  across. 

No.  6.     Sandstone  used  by  Mr.  Skavlem  in  grinding  down  stone  axes  to  a  cutting  edge  after  the 
shaping  had  been  done  with  a  chert  pecking  hammer. 

No.  7.     Fine-grained  sandstone  used  by  Mr.  Skavlem.     The  opposite  face  shows  evidence  of  use 
by  the  Indians.    The  piece  was  found  on  the  shores  of  Lake  Koshkonong. 
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This  group  illustrates  the  work  done  with  a  pecking  hammer  in  shaping  stones  for  celts  or  axes. 

Xo.  i.  An  unfinished  grooved  ax  of  Indian  workmanship.  On  the  butt  of  the  original  one  can  see 
the  glaciated  surfaces  of  the  pebble  from  which  this  blank  was  made.  The  material  is  rather  coarsely 
crystalline  and  probably  was  required  to  give  it  its  present  shape  with  not  over  fifteen  minutes  work. 

Nos.  3  &;  4.  Blanks  or  unfinished  celts  made  with  the  pecking  hammer.  No.  3  was  made  by  the 
Indian.     No.  4  by  Mr.  Skavlem. 

No.  5.  An  unfinished  celt  probably  discarded  by  the  Indian  on  account  of  the  large  flake  thrown 
out  of  the  middle  by  too  hard  a  blow. 

Nos.  2  &  6.  Broken  celts  which  have  had  the  cutting  edge  ground  down  on  a  sandstone  after  the 
general  shape  had  been  obtained  with  the  pecking  hammer.  These  were  made  by  the  Indian  and  were 
found  at  Lake  Koshkonong,  Wisconsin. 
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other  and  in  a  few  cases  on  both  sides.  One  example  of  the  Indian 
grindstone  was  found  which  had  been  "gummed  up",  that  is,  it 
had  been  used  without  sufficient  water.  This  last  seemed  incon- 
testable proof  that  the  sandstones  he  had  collected  really  were  used 
as  he  had  assumed  (Plate  35,  No.  2). 

Mr.  Skavlem  had  repaired  the  broken  celt  by  pecking  and  grind- 
ing. The  tools  he  had  used  were  of  the  same  material  and  showed 
the  same  marks  of  use  as  those  left  by  the  Indian  which  were  picked 
up  on  this  ancient  village  site.  The  next  step  in  the  experiment  was 
to  determine  the  length  of  time  actually  consumed  in  making  a 
complete  ax  or  celt  from  an  ordinary  glacial  pebble  of  the  same 
material  used  by  the  Red  Man. 

A  flat  slightly  oval  granite  pebble  picked  up  on  the  lakeshore 
seemed  to  be  a  suitable  "blank"  for  a  grooved  ax  so  Mr.  Skavlem 
set  to  work  with  his  chert  pecking  hammer.  In  four  hours  he  had 
made  a  groove  for  hafting,  had  pecked  a  wedge  seat  on  one  edge, 
had  worked  the  thick  part  of  the  stone  down  to  a  cutting  edge  and 
had  removed  all  trace  of  the  pecking  process  by  grinding  on  a  piece 
of  sandstone.  To  all  appearances  the  ax,  from  groove  to  cutting 
edge  was  the  exact  duplicate  of  many  Indian  axes  found  on  the 
village  site  he  had  been  hunting  over  for  years.  However  there 
was  a  freshness  or  newness  about  the  finished  specimen  which  sep- 
arated it  from  the  ancient  specimens  even  to  the  eye  of  an  amateur. 
Realizing  that  the  axes  left  by  the  Indians  had  been  used  to  make 
things  with  and  perhaps  had  been  used  to  cut  down  trees  by  the  aid 
of  fire  Mr.  Skavlem  proceeded  to  subject  his  newly-made  ax  to 
similar  conditions  by  rubbing  it  on  a  charred  log  with  a  little  grease 
added.  A  few  minutes  of  this  treatment  gave  the  new  ax  a  dark 
polish  and  the  look  of  age  so  that  it  was  indistinguishable  from  those 
left  by  the  Indians. 

Further  stud}'  of  axes  found  about  Lake  Koshkonong  and  con- 
tinued experiment  with  the  pecking  hammer  revealed  interesting 
information.  Many  times  the  primitive  found  he  could  save  himself 
an  hour  or  so  of  work  by  roughing  out  a  pebble  to  be  used  for  an  ax 
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before  beginning  the  pecking  and  grinding  process.  This  roughing 
out  consisted  of  striking  off  flakes  to  reduce  the  thickness  and  give 
to  the  blank  the  general  shape  of  the  ax.  This  work  was  done  by 
striking  against  the  edges  of  the  blank  with  a  stone  held  in  the  right 
hand.  The  process  is  the  same  as  the  percussion  technique  used  in 
making  arrowheads.  The  blank  may  be  rested  on  some  sort  of  anvil 
or  held  in  the  left  hand.  Holmes1  concluded  from  his  study 
of  quarry  sites  that  the  blank  was  held  in  the  hand  but  other  in- 
vestigators have  found  that  more  difficult  than  using  a  rest.  Mr. 
Skavlem's  work  has  shown  that  either  method  is  practical  and  it  is 
probable  both  were  used  by  primitive  man. 

The  length  of  time  necessary  to  make  an  ax  or  celt  by  pecking 
depends  on  the  material  used  for  the  pecking  hammer  and  on  the 
material  of  which  the  implement  is  being  made.  If  the  pecking 
hammer  is  of  chert,  flint  or  similar  material,  tiny  edges  are  continually 
being  made  as  described  above  and  the  progress  is   rapid.     If  the 
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Xo.  1.  A  large  roughed-out  blank  for  an  ax,  found  on  White  Crow's  Milage  Site,  Lake  Kosh- 
konong,  Wisconsin. 

Xo.  2.  A  pebble  from  an  Indian  Village  showing  large  flakes  had  been  removed  as  in  the  initiatory 
shaping  of  a  grooved  ax. 

Xo.  3.  An  ordinary  drift  pebble  showing  initiatory  shaping  for  a  grooved  ax.  The  large  flakes  were 
struck  off  with  a  hammerstone  (Xo.  6  this  plate)  in  the  same  manner  as  that  described  for  chipping  flint 
by  percussion  technique;  that  is,  a  glancing  blow  is  struck  with  the  hammerstone  while  the  pebble 
being  struck  is  held  in  the  left  hand.  This  roughing  out  or  percussion  shaping  of  the  pebble  took  Mr. 
Skavlem  three  minutes.  Five  minutes  pecking  with  the  pecking  hammer  (Xo.  5  this  plate)  finished 
one-half  of  the  groove.  A  part  of  the  pecked  groove  is  seen  on  the  right  of  Xo.  3,  although  it  extends 
around  the  hidden  face  of  the  pebble. 

Xo.  4.  A  "Cliff  Dweller's  Implement"  from  Xew  Mexico.  This  specimen  has  received  treatment 
by  the  aborigine  similar  to  that  given  Xo.  3  by  Mr.  Skavlem. 

Xo.  5.  A  chert  pecking  hammer  used  in  shaping  and  grooving  stone  axes,  etc.  This  has  been  used 
by  Mr.  Skavlem  and  shows  the  minutely  angular  surfaces  on  the  edges  described  in  Chapter  I\  . 

Xo.  6.  A  hammerstone  first  used  by  the  Indian  and  later  by  Mr.  Skavlem.  The  lighter  battering 
on  the  ends  and  center  of  the  face  are  recent.  The  darker  scars  at  each  side  of  the  light  center  are  the 
ancient  marks  of  use. 
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pecking  hammer  is  some  other  kind  of  rock  which  does  not  readily 
produce  sharp  edges,  progress  is  slow  because  the  crystals  of  the 
material  being  worked  must  be  crushed  by  the  impact  of  a  blunt 
tool  instead  of  being  cut  by  the  sharp  edges  of  the  pecking  hammer. 
If  the  material  being  worked  is  composed  of  coarse  crystals  like 
granite  the  wearing  away  takes  place  rapidly  but  when  the  crystals 
are  small  there  are  more  of  them  to  be  broken  and  progress  is  slower. 

Mr.  Skavlem  has  demonstrated  that  the  chert  pecking  hammer 
is  an  efficient  tool  for  working  such  crypto-crystalline  rocks  as  flint 
and  even  hemitite  but  these  materials  require  much  more  time  to 
shape  than  other  rocks  like  granite  (Plate  40  and  Plate  54,  No.  5). 

BEADED  AXES 

The  so-called  "raised  groove'  ax  or  beaded  ax  has  generally 
been  considered  a  special  type  and  many  assume  that  the  ridge  on 
the  sides  of  the  groove  is  a  part  of  the  original  design  of  the  maker 
of  this  type  of  ax.    Among  the  specimens  collected  on  White  Crow's 
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Xo.  1.     A  "raised"  or  "beaded"  groove  hammer  from  the  collections  of  Logan  Museum. 

No.  2.  A  beaded  groove  hammer  made  by  Mr.  Skavlem  with  a  chert  pecking  hammer  and  piece 
of  sandstone.     It  was  aged  by  rubbing  on  charred  wood. 

Xo.  3.     An  Indian  grooved  hammer  found  near  Pewaukee  Lake,  Waukesha  Co.,  Wisconsin. 

Xo.  4.    A  grooved  hammer  made  by  Mr.  Skavlem  in  collaboration  with  an  unknown  Indian. 

Xote  by  Mr.  Skavlem,  October  10,  1916.     Carcajou  Club,  Lake  Koshkonong,  Wisconsin. 

"While  sitting  in  the  blind  at  Stony  Point  today  to  pass  the  time  I  went  on  top  of  the  bluff  to 
pick  up  some  material  either  for  pecking  or  chipping  out  stone  implements.  On  the  edge  of  the  bluff 
I  discovered  this  stone,  a  small  part  of  the  surface  appearing  above  the  ground.  On  digging  it  out  I 
found  it  had  the  proper  form  for  a  club  or  hammer  and  on  close  examination  found  it  had  been  pecked 
to  its  present  form.  I  decided  to  groove  it  thus  producing  an  Indian  stone  hammer  or  war  club  by 
collaborating  with  the  ancient  Indian  who  had  left  his  work  unfinished  perhaps.  To  provide  the  neces- 
sary tool  to  make  the  groove  I  picked  up  a  suitable  piece  of  flint  or  "chert";  with  these  two  pieces  of 
stone  I  went  back  to  the  blind.  It  was  1:20  P.  M.  After  pecking  the  groove  as  it  is  now  it  was  2:10 
P.  M.     Actual  time  was  about  forty  minutes.    HLS. 

Xo.  5.     A  hammer  made  by  Mr.  Skavlem. 

Xo.  6.  A  hafted  Indian  hammer  similar  to  Xo.  5.  The  pecked  groove  can  be  seen  close  to  the 
hafting. 


Page  83 


Making  Pecked  and  Ground  Implements 


Plate  Xo.  59 


( See  Opposite  Page) 


Pa, 


Logan  Museum — Beloit  College 


village  site  at  Lake  Koshkonong  there  is  a  small  ax  which  shows 
indications  of  having  been  sharpened.  It  is  probable  that  it  has 
been  sharpened  several  times  by  simply  rubbing  the  edges  on  sand- 
stone but  that  would  eventually  bring  the  edge  back  into  the  thick 
part  of  the  ax  blade  and  make  it  less  efficient  as  a  cutting  tool.  \\  hen 
this  occurred  the  primitive  stone  worker  took  his  pecking  hammer 
and  reduced  the  thickness  of  the  blade  by  the  same  process  he  had 
used  in  making  the  tool.  This  may  have  been  done  without  removing 
the  ax  from  its  handle  but  in  any  case  the  worker  would  not  care  to 
destroy  the  groove  by  cutting  away  its  boundaries  and  so  would 
begin   his  pecking  a   little  distance  nearer  the  blade.     This   would 
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Xo.  i.  A  pecked  and  ground  ax  made  by  Mr.  Skavlem.  The  marks  of  the  pecking  hammer  have 
been  largely  removed  near  the  cutting  edge  by  grinding  on  sandstone.  The  beaded  effect  is  suggested 
on  the  lower  edge  of  the  groove. 

Xo.  2.    An  Indian  ax  similar  in  design  to  Xo.  I.    The  beaded  groove  is  suggested  in  the  same  way. 

Xo.  3.  An  Indian  ax  from  Greenbush,  Wisconsin  made  from  an  oval  pebble.  Compare  evidence 
of  shaping  by  pecking  hammer  with  that  on  Xo.  4. 

Xo.  4.  Grooved  ax  made  by  Mr.  Skavlem  with  a  chert  pecking  hammer.  Xo  grinding  has  been 
done  on  this  piece.  This  piece  was  kept  in  Mr.  Skavlem 's  work  box  at  Lake  Koshkonong  and  whenever 
visitors  asked  to  see  how  the  primitive  man  made  stone  axes  a  little  work  was  done  on  this  pebble. 
Usually  a  small  area  was  selected  and  the  time  required  to  peck  it  away  recorded  by  the  visitor.  Xotice- 
able  progress  was  always  made  in  two  to  five  minutes  which  enabled  the  visitor  to  appreciate  the  fact 
that  an  ax  could  be  made  in  less  than  half  a  day. 

Xos.  5  &;  7.  Two  small  Indian  axes  picked  up  on  Carcajou  Point.  Lake  Koshkonong,  Wisconsin. 
Compare  with  Xo.  6. 

Xo.  6.  A  small  grooved  ax  made  by  Mr.  Skavlem  of  very  coarsely  crystalline  granite.  The  cutting 
edge  has  been  ground  on  a  piece  of  sandstone. 

Xo.  8.  A  grooved  ax  of  green  porphry  found  near  Barton.  Wisconsin.  The  groove  was  pecked  in 
by  the  Indian  and  some  shaping  done  near  the  edge. 

Xo.  9.  A  grooved  ax  made  by  Mr.  Skavlem  with  chert  pecking  hammer.  Grinding  on  sandstone 
has  largely  removed  the  evidence  of  the  pecking  hammer  except  in  and  near  the  groove. 

Xo.  10.     An  Indian  grooved  ax  to  be  compared  with  Xo.  11. 

Xo.  11.  A  flat  grooved  ax  made  by  Mr.  Skavlem.  The  beaded  groove  slightly  suggested  on  the 
right. 

Xo.  12.  An  Indian  ax  with  beaded  groove  strongly  accentuated.  Xote  the  short  blade  which 
indicates  the  probable  truth  of  Mr.  Skavlem 's  contention  that  the  beaded  groove  is  a  result  of  thinning 
a  much  resharpened  blade.  The  butt  or  poll  in  this  case  was  doubtless  thinned  to  reduce  its  weight  and 
restore  the  proper  balance  after  the  blade  was  thinned. 
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leave  a  ridge  along  the  groove  which  would  become  higher  as  the 
blade  was  thinned  and  so  produce  a  raised  groove  or  beaded  ax. 

Mr.  Skavlem  points  out  that  this  is  perhaps  the  origin  of  the 
belief  that  the  stone  axes  of  the  Indian  took  generations  to  produce. 
Doubtless  these  primitive  stone  workers  had  some  axes  which  were 
more  serviceable  than  others  because  of  their  hardness  and  such 
tools  would  naturally  be  kept  and  passed  down  from  one  generation 
to  another.  Whenever  the)'  became  dulled  the}"  were  sharpened  as 
above  described  so  that  in  the  course  of  time  they  would  have  been 
worked  on  by  several  different  owners  and  come  to  have  a  marked 
ridge  along  the  groove.  In  this  way  such  an  ax  may  be  said  to  have 
required  the  work  of  several  generations  but  it  was  a  finished  and 
usable  tool  from  the  time  it  left  the  hands  of  the  original  maker.  In 
other  words  some  axes  became  heirlooms  which  were  sharpened 
and    resharpened    by    successive    generations. 

These  experiments  have  shown  that  the  technique  of  pecking 
and  grinding  is  not  difficult.    This  writer's  own  experience  in  making 
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Xo.  i.  A  small  Indian  ax  which  shows  plainly  that  it  has  been  reworked  with  a  pecking  hammer 
to  make  the  blade  thinner.  It  had  evidently  been  sharpened  and  resharpened  until  the  blade  became 
too  thick  to  be  serviceable  as  an  ax.  In  thinning  the  blade  the  workman  began  pecking  as  near  the  edge 
of  the  groove  as  possible  without  destroying  the  groove.  Accordingly  a  ridge  was  left  as  one  boundary 
of  the  groove  and  a  so-called  "raised  groove"  or  beaded  groove  was  formed. 

Xo.  2.  A  small  grooved  ax  made  by  Mr.  Skavlem  in  2l/2  hours  with  pecking  hammer  and  sand- 
stone. The  blade  of  this  ax  was  too  thick  but  until  Xo.  i  was  found  on  White. Crow's  Village  Site  it 
remained  as  a  small  clumsy  ax.  The  Indian  axe  Xo.  I  suggested  the  origin  of  the  beaded  groove  and 
a  remedy  for  the  thick  blade  of  the  ax  Mr.  Skavlem  had  made.  Acting  on  the  suggestion  he  began  to 
thin  the  blade  of  this  thick  little  ax  by  pecking  with  the  chert  pecking  hammer.  It  required  fifteen 
minutes  to  produce  the  beaded  groove  and  thin  the  ax  to  a  usable  blade. 

Xo.  3.  A  grooved  ax  made  from  a  rough  pebble  in  less  than  an  hour.  The  shaping  was  done  with 
a  pecking  hammer  of  chert  and  the  final  grinding  done  on  a  piece  of  sandstone  with  plenty  of  water. 
Xote  flat  wedge  seat  at  right. 

Xo.  4.  A  grooved  ax  made  by  Mr.  Skavlem.  After  the  work  of  shaping  with  pecking  hammer 
and  grindstone  was  done  Mr.  Skavlem  rubbed  this  ax  on  a  charred  log  with  some  old  grease.  The  result 
is  a  polish  and  look  of  age  which  has  made  it  difficult  to  distinguish  from  an  ax  left  by  the  Indians. 
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a  groove  or  a  stone  hammer  is  proof  that  it  is  easy  to  shape  coarsely 
crystalline  stone  with  a  chert  pecking  hammer.  In  thirty  minutes 
continued  pecking  he  cut  a  groove  about  one  quarter  inch  deep  around 
a  pebble  having  a  diameter  of  about  two  and  a  half  inches.  This 
was  sufficiently  deep  to  hold  a  split  willow  withe  which  was  wrapped 
around  for  a  handle.  If  one  compares  the  amount  of  material  cut 
away  in  making  a  stone  ax  with  a  pecking  hammer  with  that  cut 
away  in  sharpening  a  steel  ax  with  the  old  hand-power  grindstone, 
he  will  see  that  the  Indian  had  no  more  need  for  patience  than  modern 
man  has,  at  least  in  the  matter  of  ax  sharpening. 


Plate  No.  40 
Reduced  61% 

Core  or  nucleus  of  brown  flint  from 
Grand  Pressigny,  France.  Mr.  Skav- 
lem  reduced  one  end,  the  upper,  with 
a  chert  pecking  Hammer  (Xo.  5. 
Plate  37).  Many  of  the  original  scars 
were  obliterated  by  the  pecking 
process.  The  edge  (upper  right)  has 
been  further  polished  on  a  sandstone. 
The  flake,  (partially  replaced)  was 
removed  with  the  pecking  hammer 
used  as  a  hammerstone  showing  that 
technique  to  be  better  adapted  to 
rapid  thinning  of  this  material  than 
the  pecking  and  grinding  process 
although  all  processes  are  possible. 
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Plate  Xo.  44 


(See  Opposite  Page) 


/'..      Q2 


Logan  Museum — Beloit  College 


The  Skavlem  Ax  and  Tree-Cutting 

It  is  said  that  on  one  of  the  Lewis  and  Clark  Plxpeditions  it  was 
necessary  to  make  canoes  to  carry  the  part}*  down  a  river  and  that 
the  Indians  produced  a  dug-out  canoe  by  means  of  fire  and  their 
stone  axes  in  less  time  than  the  white  man  could  make  a  similar  boat 
with  steel  axes. 

This  comparison  is  often  cited  by  Mr.  Skavlem  to  visitors  who 
doubt  that  stone  axes  were  really  suitable  for  cutting  wood.  Finally, 
however,  so  man}*  doubted  the  efficiency  of  stone  axes  he  decided 
to  settle  the  argument  for  all  time. 

By  means  of  the  pecking  and  grinding  process  described  in  Chap. 
IV  he  made  the  ax  shown  in  Plate  No.  42.  \\  hen  the  stone  work  was 
complete  with  groove  and  wedge  seat  he  cut  a  piece  of  kinnikinni.k 
(silky  cornel,  a  species  of  dogwood)  which  he  split  and  attempted 
to  wrap  around  the  axhead.  The  wood  did  not  bend  readily  and 
broke,  but  fortunately  Air.  Skavlem  is  the  son  of  a  Wisconsin  pioneer 
and  he  remembered  that  in  his  boyhood  he  had  many  times  helped 
make  cow  ties  in  the  fall. 

Cow  ties  were  made  of  willow  switches  but  before  the}'  could  be 
properly  bent  they  had  to  be  warmed  a  little.  That  fact  was  recalled 
by  Mr.  Skavlem  when  his  prospective  ax  handle  cracked.  He  cut 
a  second  piece  of  silky  cornel,  split  it  and  warmed  it  by  an  open  fire. 
He  then  had  no  trouble  bending  it  around  the  groove  of  the  ax. 
There  was  no  rawhide  at  hand  so  that  the  two  parts  of  the  handle 
were  bound  together  with  bailing  wire. 

In  the  woods  a  mile  or  so  from  his  house  Air.  Skavlem  found  a 
small  tree  about  three  inches  in  diameter  and  set  to  work  with  his 

Plate  No.  44 
Reduced  48.2% 

A  group  of  chipped  implements  from  the  site  of  a  Winnebago  Village  on  Carcajou  Point.  Lake 
Koshkonong,  Wisconsin.  The  series  was  collected  by  Mr.  Skavlem  and  represents  an  average  lot  of  the 
Indians'  chipped  points.  Both  percussion  and  pressure  technique  are  shown.  Note  the  scarcity  of  fine 
specimens  and  the  association  of  chert  or  poor  quality  flint  and  quartzite  with  lack  of  symmetry.  The 
finest  specimen  is  the  large  point  in  the  middle  of  the  left  outside  row.  This  is  of  blue  gray  flint  of  even 
texture.  The  difference  in  color  is  chemical  and  not  physical  so  that  the  fracture  was  easily  controlled 
by  the  ancient  flint  worker. 
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stone  ax  to  fell  it.  The  task  was  completed  in  slightly  less  than  ten 
minutes.  The  cut  is  shown  in  Plate  Xo.  42.  The  scars  are  not  as 
clean  as  those  made  with  a  modern  sharp  ax  but  one  can  say  that 
the  stone  ax  enabled  the  worker  to  do  a  respectable  bit  of  "beaver- 
ing'"  which  certainly  is  the  equal  of  a  cut  made  with  a  really  dull 
steel  ax.  Some  of  the  chips  from  the  cut  which  felled  this  little  tree 
are  shown  in  Plate  Xo.  42.  W  hen  the  tree  was  down  Mr.  Skavlem 
cut  off  the  top  (cut  shown  in  plate)  and  then  made  a  notch  in  the 
side  of  the  pole  so  that  his  "lodge  pole'  would  fit  over  another 
pole  (Plate  Xo.  42). 

The  work  had  been  so  easily  accomplished  that  this  modern 
Stone  Age  man  decided  to  make  a  nicer  specimen  of  his  ax.  The 
handle  with  its  wrapping  of  bailing  wire  was  removed  and  more 
work  with  the  pecking-hammer  done  on  the  stone  axhead.  The 
shape  was  improved  and  the  weight  reduced  but  the  cutting  edge 
was  not  altered. 

Just  at  that  time  a  neighbor's  dog  died  so  Mr.  Skavlem  removed 
the  hide.  This  dog  skin  was  placed  in  a  bucket  of  wood  ashes  and 
water  for  two  days  and  a  night.  By  that  time  the  hair  could  easily 
be  scraped  off  with  a  stone  celt.  The  hide  was  next  stretched  out 
in  the  sun  to  dry.  After  it  was  thoroughly  dry  strips  of  it  were 
soaked  in  water  and  used  to  bind  the  two  parts  of  the  handle  to  the 
stone  ax.  \\  hen  the  rawhide  became  dry,  of  course,  it  shrank  and 
so  made  a  very  tight  binding.  A  fragment  of  wood  was  driven  along 
the  wedge  seat  between  the  ax  head  and  the  handle  so  that  this 
modern  stone  ax  was  in  all  respects  a  reproduction  of  one  made  by 
the  Indians. 

This  finished  ax,  because  of  the  reduced  weight,  is  less  effective 
as  a  cutting  tool  than  it  was  when  it  was  not  so  symmetrical.  It  will 
still  fell  a  tree  in  about  twice  the  time  formerly  required. 

When  the  importance  of  weight  in  the  primitive  axe  was  realized 
Mr.  Skavlem  made  a  second  and  heavier  one.  This  is  not  as  finished 
a  specimen,  but  as  a  cutting  tool  it  is  effective.  This  ax  and  some  of 
the  cuts  made  with  it  are  shown  in  Plate  Xo.  43. 
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Plate  Xo.  45 


{See  Opposiu  Page) 
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Relation  of  Material  to  Types,  Classes 

and  Technique 

The  importance  of  material  in  controlling  the  design  and  the 
final  shape  of  an  implement  produced  with  primitive  tools  has  been 
constantly  impressed  on  the  writer  throughout  this  study.  Many 
times  Mr.  Skavlem  has  had  an  arrow  point  nearly  complete  only 
to  uncover  some  flaw  or  other  non-homogeneous  characteristic  in 
his  material  which  caused  the  specimen  to  break  in  undesired  direc- 
tions. On  such  occasions  he  has  altered  his  design  to  fit  the  new 
conditions  of  his  material  and  so  produced  a  finished  artifact  quite 
different  from  that  he  intended  at  the  start.  It  also  has  happened 
that  starting  to  make  a  simple  or  even  a  crude  specimen  he  has  found 
the  material  more  homogeneous  and  hence  easier  to  work  than  he 
had  supposed  so  that  he  has  greatly  elaborated  his  design  to  produce 
a  finished  artifact  of  beautiful  symmetry  and  graceful  shape. 

There  is  ample  proof  in  any  extensive  collection  of  American 
Indian  stone  tools  that  this  sort  of  adaptation  was  not  foreign  to  the 
stone  workers.  One  often  sees  scrapers,  drills  and  knives  which  show 
that  they  were  made  from  broken  arrow  and  spear  points.  A  careful 
examination  of  many  assymmetrical  specimens  of  projectile  points 
will  often  show  that  their  lack  of  symmetry  is  due  to  the  inability 
of  the  worker  to  control  absolutely  the  fracture  of  the  material  he 
was  working.  This  lack  of  control  is  at  times  due  to  carelessness 
but  more  often  it  is  because  of  non-homogeniety  in  the  stone. 


Plate  No.  45 

Reduced  about  12.5% 

Photograph  by  Mr.  Geo.  L.  Waite 

This  group  of  artifacts  was  made  by  Mr.  Skavlem.  All  are  from  Tennessee  flint,  except  the  arrow- 
point  in  the  upper  right  hand  corner  which  is  glass.  Under  a  reading  glass  one  can  distinguish  a  stub 
tail,  two  ears,  eye  and  a  smooth  nose  on  the  "bear"  totem,  (upper  center.)  The  "totems"  were  all 
made  by  Mr.  Skavlem  at  his  home  the  day  before  giving  a  lecture  at  the  University  of  Wisconsin  where 
he  used  them  to  illustrate  the  control  it  is  possible  to  exercise  in  fracturing  flint. 


Page  97 


Relation  of  Material 


A  glance  at  the  plate  of  characteristic  chipped  implements  which 
were  collected  on  \\  hite  Crow's  village  site  at  Lake  Koshkonong 
will  show  the  student  that  fine  show  pieces  and  specimens  of  out- 
standing beauty  of  form  and  line  are  lacking.  This  group  is  typical 
of  most  village  sites  in  southern  Wisconsin  and  indicates  that  in  this 
region  beautiful  specimens  of  chipping  are  the  exception  rather  than 
the  rule.  The  most  common  material  available  is  a  not  too  homo- 
geneous chert  and  nearly  all  the  chipped  implements  are  made  of 
this  type  of  stone. 

Occasionally  in  this  region  an  example  of  fine  chipping  is  found. 
Generally  such  pieces  are  of  the  fine,  homogeneous  Ohio  or  Illinois 
flint    or   hornstone.      This    responds    to    the    technique    readily    and 


Plate  No.  46 

Reduced  20.6% 

Photograph  by  Mr.  Geo.  L.  Waite 

The  two  large  points  of  quart/.ite  were  made  with  hammerstone.  the  small  one  by  pressure  with 
bone  tool.  These  points  were  made  while  pictures  shown  in  frontispiece  and  Plate  No.  27  were  being 
taken  of  Mr.  Skavlem. 
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specimens  of  this  material  are  almost  always  very  thin,  very  sym- 
metrical and  of  graceful  outline.  Much  of  this  material  occurs 
naturally  in  thin  layers.  It  may  be  argued  that  these  finer  points 
were  brought  in  by  trade  and  were  the  product  of  more  skilled 
technicians  than  the  typical  Wisconsin  chipped  implements.  How- 
ever some  very  beautiful  quartzite  knives  or  large  spear  points  have 
been  collected  in  this  region.  These  too  show  the  symmetry  and 
uniformity  of  chipping  which  is  generally  considered  as  an  indication 
that  the  maker  of  such  an  implement  was  an  artist  of  exceptional 
skill.  In  every  case  that  the  writer  has  observed,  these  excellent 
quartzite  knives  have  been  made  of  very  fine-grained  material  of 
exceptionally  uniform  texture.  This  quartzite  is  of  native  origin 
so  that  there  is  little  doubt  that  the  same  workmen  produced  these 
fine  pieces  as  well  as  the  more  ordinary  specimens. 

Some  of  the  finest  chipping  in  this  country  is  found  in  those 
regions  accessible  to  deposits  of  obsidian.  Good  obsidian  responds 
exceptionally  well  to  the  chipping  technique.  W.  H.  Holmes  has 
mentioned  the  great  quantities  of  rejects  at  the  prehistoric  obsidian 
mines  in  Mexico  which  would  indicate  that  the  prehistoric  worker 
selected  only  the  best  of  this  material  for  his  tools  which  would 
account  for  the  fine  work.  In  all  the  prehistoric  sites  the  writer 
has  studied  in  Europe,  Africa  or  the  Gobi  of  Asia,  good  workmanship 
has  gone  hand  in  hand  with  fine  material  and  the  percentage  of  re- 
jects or  unworked  flakes  compared  to  worked  pieces  is  always  greater 
in  sites  close  to  the  supply  of  raw  material.  This  seems  to  show  that 
material  plays  an  important  part  in  determining  type. 

The  most  beautiful  specimens  of  Lower  Palaeolithic  coups  de 
poing  found  at  El  Ma  El  Abiod,  Algeria  are  of  the  finest  pure  flint, 
but  this  site  yields  coarse  examples  of  chipping.  These  are  always 
of  poor  quality  material.  The  finest  examples  of  Solutrean  chipped 
work  in  France  are  of  fine,  homogeneous  flint  or  jasper.  This  writer 
has  seen  many  Solutrean  specimens  which  are  no  better  made  than 
the  average  chipped  implements  found  in  Wisconsin  but  such  pieces 
are  always  of  chert  or  the  lesser  grades  of  flint. 
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Plate  No.  47 


{See  Opposite  Page) 
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\\  hen  one  considers  the  beautiful  flint  daggers  of  Denmark  with 
their  graceful  blades,  their  uniform  chipping  and  imitation  "stitch- 
ing" on  the  handles,  he  must  admit  that  the  artist  had  skill  and  con- 
trol of  his  technique  but  the  material  of  these  beautiful  specimens 
is  without  exception  a  fine  piece  of  flint,  jasper  or  other  very  homo- 
geneous rock.  Cruder  work  is  generally  associated  with  poor  quality 
material. 

The  technique  of  chipping  flint  and  similar  materials  is  simply 
the  control  of  pressure  applied  on  a  crypto-crystalline,  homogeneous 
solid.  The  more  homogeneous  the  solid  the  more  exact  may  be  the 
control  of  the  pressure.  Accordingly,  if  a  stone  worker  obtains  a 
supply  of  very  good  material  he  is  able  to  register  his  ideas  more 
accurately  than  he  could  in  poor  quality  stone.  This  accounts  for 
the  fact  that  in  regions  where  primitive  man  had  a  supply  of  excellent 
material  the  chipped  implements  conform  more  closely  to  type 
specimens  than  in  localities  where  the  material  is  less  homogeneous. 

In  1928  the  writer  collected  prehistoric  stone  implements  in  the 
Gobi  as  a  member  of  the  Central  Asiatic  Expeditions  of  the  American 
Museum  of  Natural  History.  In  studying  the  ten  or  twelve  thousand 
specimens  from  over  fifty  different  sites,  some  sort  of  classification 
was  necessary.  A  series  of  types  based  on  form  and  probable  use 
was  selected  as  a  basis.  It  was  soon  evident  that  several  series 
could  be  made  to  indicate  that  each  type  graded  into  at  least  one  and 
often  into  two  or  three  other  types.  The  type  specimens  of  each 
group   however   were   quite   distinct   and   almost   without   exception 


Plate  Xo.  47 
Reduced  12.5% 

Photograph  by  Mr.  Geo.  L.  Waite 


Flint,  obsidian,  chert  and  glass  of  varied  colors  have  been  made  into  arrowheads  by  Mr.  Skavlem. 
Onlv  bone  and  stone  were  used  as  tools. 
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Plate  No.  48 
Enlarged  5% 


Upper  group  of  arrow  points  made 
from  flakes  of  moss  agate  and  chalce- 
dony found  on  a  prehistoric  habitation 
site  in  the  Sahara  Desert.  Mr. 
Skavlem  made  these  to  show  the  ease 
with  which  symmetry  is  obtained  in 
working  an  exceptionally  clear,  homo- 
geneous stone. ,  Some  of  the  types 
are  in  imitation  of  the  arrowpoints 
found  by  the  Logan-Sahara  Exped- 
ition on  the  site  where  the  flakes 
used  by  Mr.  Skavlem  were  collected. 

Lower  Group:  Points  made  by 
Mr.  Skavlem  without  metal  tools. 

Xos.  i,  2,  6  6c  9  are  of  chert. 

Nos.  3  and  8  are  obsidian. 

Nos.  4  and  5  are  Danish  flint  from 
flint  pebbles  collected  on  the  coast  of 
Denmark. 

No.  7  is  glass. 

No.  10  is  flint. 

No.  1 1  is  quartzite. 
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these  were  of  the  finer  and  most  homogeneous  materials.  Among 
the  most  delicate  chipped  implements  clear  chalcedony  was  the 
material  par  excellence  and  artifacts  of  this  were  always  symmetrical 
and  easily  classified  while  the  pieces  made  from  less  perfect  material 
formed  the  transitions  and  borderline  groups. 


1 


1 


Plate  No.  49 
Reduced  about  12.5% 

Group  I.     Arrow  points  made  by  Mr.  Skavlem  with  hammerstone.     (Percussion  technique). 
Group  2.     Arrowpoints  made  by  the  Indian  which  give  evidence  of  the  hammerstone  percussion 
technique. 
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It  is  a  recognized  fact  that  primitive  man  traveled  considerable 
distances  to  obtain  exceptionally  good  material  for  his  artifacts. 
Such  material  often  was  carried  many  hundreds  of  miles  beyond 
the  range  of  those  who  collected  it  through  exchange,  but  it  is  equally 
true  that  primitive  man  made  use  of  the  materials  close  at  hand 
in  the  manufacture  of  his  common  tools  for  everyday  use.  This  is 
perhaps  more  true  of  the  Old  Stone  Age  than  of  the  Neolithic  Period 
because  of  increased  facilities  for  transportation  in  the  latter  period. 
Nevertheless,  the  writer  believes  that  a  study  of  any  Stone  Age 
habitation  site  will  indicate  that  the  majority  of  the  artifacts  used 
by  the  ancient  population  of  that  region  are  made  from  local  material 
even  though  that  local  material  is  of  poor  quality. 

The  study  of  Paleolithic  shell  heaps  in  Algeria  by  the  Logan 
Museum  has  shown  that  artifacts  found  on  sites  close  to  a  large 
supply  of  good  flint  have  less  retouch  or  secondary  chipping  than 
those  found  on  sites  where  the  supply  of  raw  material  is  less  homo- 
geneous or  more  distant.  This  seems  to  be  due  to  the  fact  that  where 
material  is  plenty  the  early  stone  workers  could  secure  a  usable 
tool  with  a  few  well-directed  blows  and  after  its  immediate  use  had 
terminated,  it  was  discarded.  There  was  no  need  of  retouching  a 
tool  which  was  to  serve  only  for  the  moment  whereas  in  regions  some 
distance  from  a  good  supply  a  usable  tool  was  kept  for  future  use 
and  its  usefulness  improved  by  retouching. 

A  study  of  primitive  Stone  Age  tools  in  the  light  of  Air.  Skavlem's 
work   seems   to    indicate   that   the  Stone  Age   man   was    a    practical 


Plate  No.  50 
Enlarged  1.7% 

Points  made  by  Mr.  Skavlem  with  a  bone  pressure  tool  to  indicate  various  materials  used  by  pre- 
historic man. 

Group      I.  Upper  Left:  Black  flint  from  Africa. 

Group    II.  Upper  Right:  Black  obsidian. 

Group  III.  Center  across:  Silcified  wood. 

Group  IV.  Lower  across:  Flint.     Right  three  from  pebbles  collected  on  Danish  coast. 
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mechanic  more  interested  in  accomplishing  the  work  he  had  to  do 
than  in  devising  new  ways  to  do  it  or  in  inventing  new  tools,  or 
modifying  the  shape  of  established  tools  which  did  the  work  required. 
This  does  not  apply  to  objects  of  ceremonial  use  nor  to  implements 
of  daily  use  to  which  religious  mystical  or  other  ceremonial  signi- 
ficance had  become  attached. 

Consider  the  case  of  cutting  tools  in  North  America,  arrow  points, 
spear  points,  knives,  scrapers  and  axes  were  made  of  stone  and  were 
very  effective.  The}"  were  tools  of  practical  daily  use  to  the  American 
Indian  of  pre-European  times  and  they  were  made  of  every  type  of 
stone  adapted  to  the  techniques  known  to  the  Indian.  Most  of  these 
tools  are  not  of  such  perfect  form  and  symmetry  as  to  delight  the 
eye  of  the  curio  collectors  who  were  the  first  archeologists,  but  these 
crude  assymmetrical  artifacts  make  up  the  bulk  of  those  used  by 
prehistoric  man  because  they  actually  served  his  purpose.  They 
worked,  in  other  words. 

With  the  advent  of  Europeans  and  the  iron  which  they  brought 
with  them,  stone  disappeared.  The  natives  of  the  far  west  knew 
about  iron  before  the  earliest  white  explorers  reached  their 
country.  As  this  new  and  better  material  became  available 
for  cutting  tools  the  use  of  stone  disappeared  entirely  without 
leaving  even  a  legend   about   its   former   use.      Metal     knives,     spear 
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Specimens  of  Mr.  Skavlem's  work  with  a  bone  pressure  tool  on  various  types  of  material. 

Xos.  i,  7,  8,  10  &  ii.     Jasper. 

Xos.  2,  3,  9  &  38.    Made  from  flint  pebbles  collected  on  the  coast  of  Denmark. 

Xos.  4,  5,  13,  30,  31,  34,  35,  36,  37,  39  &  40  from  reject  flint  flakes  collected  at  Flint  Ridge.  Ohio 
by  Mr.  C.  E.  Brown. 

Xos.  6,  12,  14,  16-29,  32  &  33.     Chert. 

Xo.  15.     Silcified  wood. 

Xote  Xo.  20  a  goose  totem  of  flint  from  Flint  Ridge,  Ohio. 
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and  arrow  points  and  metal  axes  and  scrapers  of  new  shapes  dis- 
placed the  stone  ones  of  established  types  because  they  were  much 
better  adapted  to  the  needs  of  the  Indian.  In  other  words,  the 
Indian  was  in  the  matter  of  his  daily  routine  work  a  practical  mech- 
anic who  made  use  of  the  best  material  available  for  the  tools  needed 
to  accomplish  the  tasks  at  hand.  Form  was  of  minor  importance. 
A  similar  case  is  familiar  to  all  archeologists :  that  of  the  Aus- 
tralians using  the  glass  insulators  from  telegraph  poles  as  material 
for  arrowheads.  Here  again  all  that  was  desired  was  a  practical 
arrow  point  and  glass  was  the  best  material  available.  \\  ith  its 
advent  finer  weapon  points  were  made  by  the  same  technique  and 
the  same  people.  The  finer  symmetry  was  due  entirely  to  finer 
material  because  chipping  glass  is  as  easily  controlled  as  chipping 
obsidian. 

Quite  different  is  the  story  of  the  attempt  of  Europeans  to  intro- 
duce the  sickle  in  Malaysia.  There,  grain  must  be  cut  stalk  by  stalk 
with  a  small  knife.  The  technique  is  completely  identified  with 
religious  ceremony  and  practical  considerations  have  no  place  in 
the  scheme.  A  simple,  practical  task  of  the  daily  life  of  this  people 
has  taken  on  religious  significance  so  that  all  the  elements  of  its 
technique  have  become  parts  of  a  ceremony.    In  such  cases  the  shape 
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Nos.  1-7.     Glass. 

Nos.  8-19.     Quartzite. 

Nos.  21-25.     Chalcedony. 

Nos.  26,  27,  29,  30,  31  So  45.     Moss  Agate. 

Nos.  28,  43,  44,  46-53.     Silcified  wood. 

Nos.  36,  39,  40.     Glass. 

Nos.  32,  33,  34,  35,  41  &  42  cherts  &  quartzites. 

These  arrow  points  of  various  materials  show  that  homogeneous  crypto-crystaline  silicates  can  be 
readily  worked  with  a  bone  pressure  tool.  Symmetry  and  beauty  of  form  are  obtained  most  easily  in 
more  homogeneous  materials.    These  are  examples  of  Mr.  Skavlem's  work. 
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of  the  implements  used,  the  material  of  which  they  are  made  and 
perhaps  even  the  way  of  making  them  becomes  a  fixed  form  which 
cannot  be  varied.  In  such  cases  even  slight  variations  of  shape 
may  be  of  real  significance  and  should  not  be  overlooked  by  the 
student. 

It  is  the  writer's  belief  that  an}-  classification  of  types  of  artifacts 
should  have  as  its  basis  more  than  mere  form  or  shape  except  in 
such  cases  as  that  cited  in  the  last  paragraph.  In  order  to  interpret 
the  tools  left  by  prehistoric  man  the  archeologist  must  try  to  compre- 
hend their  significance  in  the  life  of  those  who  used  them.  That 
is,  the  stud}'  of  these  records  of  past  ages  must  be  an  attempt  to 
reproduce  as  much  as  may  be  of  the  life  of  the  people  who  have  left 
them.  To  do  that  the  scientific  student  must  divorce  himself  from 
the  point  of  view  of  the  modern  mechanic  who  has  the  accumulated 
knowledge  of  modern  science  and  acquire  the  point  of  view  of  Stone 
Age  man  to  whom  our  present  knowledge  was  as  foreign  as  is  our 
own  knowledge  to  that  of  the  inhabitants  of  some  other  universe. 

Since  classification  is  essential  to  the  study  of  any  mass  of  material 
whether  it  be  stone  axes  or  the  data  of  a  census  report,  the  first 
task    of    the     archeologist     is    to     arrange     his     collections.       This 
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Xos.  i,  2,  3,  6,  8,  12,  14,  17,  18,  19.  25,  27,  30,  31  and  33.  Various  grades  of  chert  or  poor  quality 
flint. 

Xos.  4,  5,  10,  20,  21,  22,  31,  32,  34,  and  35.     Green,  blue,  red  and  white  glass. 

Xos.  9,  13,  15.     Blue  gray  Danish  flint. 

Xo.  16.     Black  flint. 

Xos.  7  and  23.     Jasper. 

Xos.  24,  26  and  29.     Quartzite. 

Xo.  28.     Silicified  wood. 

These  were  all  made  without  metal  tools  by  Mr.  Skavlem.  The  ereater  part  show  conchoida! 
fracture  produced  with  a  bone  pressure  tool.  Some,  especially  Xos.  2,  9,  12.  14.  15.  17,  18  and  29  were 
made  by  percussion  blows  with  a  hammerstone  and  show  the  splintery  fracture  scars. 
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arrangement  should  consider  the  purpose  in  the  mind  of  the  primitive 
who  made  and  used  the  specimens  being  classified.  For  example, 
take  the  Upper  Paleolithic  scrapers;  there  are  end  scrapers,  side 
scrapers,  double  end  scrapers,  double  side  scrapers,  scrapers  two  ends 
and  one  side,  two  sides  and  one  end,  two  ends  and  two  sides,  oval 
scrapers  and  round  scrapers.  The  collections  of  the  Central  Asiatic 
Expeditions  from  the  Gobi  contain  hundreds  of  these  types  and  one 
can  lay  out  any  number  of  series  from  any  of  the  larger  sites  in  which 
there  are  all  of  the  types  mentioned  and  every  conceivable  gradation 
from  one  type  into  each  of  the  others. 

One  cannot  study  thousands  of  such  artifacts  where,  even  with 
such  a  variety  of  types,  borderline  specimens  are  constantly  evident, 
without  coming  to  the  conclusion  that  type  was  not  a  conscious  aim 
of  the  implement  maker  of  prehistoric  Mongolia.  Obviously  the 
Stone  Age  man  of  this  region  needed  a  scraper  for  various  purposes. 
He   made  it  from  the  flakes   available   at  the  time   it  was   needed. 
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Xo.  i.  Fragment  of  banded  slate  found  with  the  piece  from  which  the  celt  Xo.  2  was  made.  The 
left  edge  has  been  pecked  with  chert  pecking  hammer  and  ground  on  sandstone.  The  right  half  shows 
the  unretouched  break  of  the  stone. 

Xo.  2.  A  celt  of  "banded  slate"  made  by  Mr.  Skavlem.  This  was  made  from  a  fragment  of  stone 
found  with  two  other  pieces  of  similar  rock  on  White  Crow's  Village  Site,  Lake  Koshkonong,  Wisconsin. 
The  work  of  shaping  was  done  with  a  chert  pecking  hammer  and  later  with  a  fragment  of  sandstone 
used  to  grind  off  the  evidence  of  pecking.  The  final  polish  was  put  on  by  rubbing  on  charcoal/  The 
fracture  of  the  stone  was  across  the  lines  of  the  "banding"  giving  the  diagonal  effect  to  the  stripes  of 
color.  The  apparent  curve  of  the  color  lines  is  due  to  the  curve  of  the  celt.  This  is  a  beautiful  celt  and 
one  which  collectors  might  well  call  a  "ceremonial".  It  has  a  high  polish  and  is  indistinguishable 
from  the  finest  work  of  the  Indian.  It  required  no  greater  skill  or  patience  than  any  other  specimen 
made  by  Mr.  Skavlem. 

Xo.  3.  The  opposite  face  of  Xo.  1  showing  the  unretouched  break  of  the  stone  and  the  part  which 
has  been  pecked  with  chert  pecking  hammer. 

Xo.  4.  Black  flint  from  Brandon,  England.  A  number  of  blades  were  struck  from  this  by  the 
writer.  Further  attempts  to  remove  blades  resulted  in  the  battered  edge  characteristic  of  the  so-called 
Tarte  scrapers.     See  text  page  117. 

Xo.  5.  A  tiny  celt  made  by  Mr.  Skavlem  from  a  piece  of  hemitite.  This  was  shaped  by  the  pecking 
process  with  a  chert  pecking  hammer  and  then  the  edge  ground  on  sandstone.  The  American  Indian 
often  made  axes  of  hemitite  but  treated  this  material  as  he  would  any  crystalline  rock.  On  account  of 
the  fine  texture  of  the  rock  it  shapes  much  more  slowly  than  coarse  material. 


Page  113 


Relation  of  Material 


Plate  Xo.  55 


(See  Opposite  Page) 


Page  114 


Logan  Museum — Beloit  College 


He  made  the  type  of  scraper  best  adapted  to  the  needs  of  the  moment 
and  to  the  material  at  hand.  Doubtless  there  were  times  when  an 
end  scraper  was  the  best  tool  for  the  job  at  hand.  Then  he  made 
an  end  scraper.  If  the  flake  from  which  this  end  scraper  was  made 
was  good  he  may  well  have  saved  the  piece  until  needed  again.  If 
the  piece  was  suitable  it  may  next  have  served  as  a  side  scraper  and 
so  become  a  "scraper,  one  end  and  one  side.'  Other  flakes  became 
oval  scrapers  because  all  edges  of  the  flake  were  capable  of  serving 
the  purpose  of  the  scraper.  Whether  they  were  made  as  oval  scrapers 
at  once  or  whether  they  went  through  progressive  stages  is  impossible 
to  state.  The  weight  of  evidence  would  seem  to  indicate  that  a 
scraper  was  the  tool  needed  and  that  in  the  mind  of  the  Dune  Dweller 
of  the  Gobi  the  best  scraper  was  the  one  which  had  the  greatest 
amount  of  scraper  edge. 

In  this  case  the  scraper  was  a  tool  intended  for  use.     W  hether 
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Nos.  I  and  2.  "Blades  with  retouched  back"  of  English  black  flint.  These  were  made  by  the 
writer.  The  so-called  retouched  back  is  the  result  of  unsuccessful  attempts  to  strike  blades  from  a 
nucleus  in  one  direction,  thus  battering  the  edge  which  became  the  back  of  a  blade  later  removed  by 
a  blow  at  right  angles  to  the  unsuccessful  ones. 

Xo.  3.  A  blade  with  retouched  back  made  by  the  writer  from  red  obsidian.  The  retouching  along 
the  back  was  done  with  a  bone  flaker  and  the  pressure  technique. 

Xo.  4.     Similar  to  Xo.  3  but  of  black  obsidian. 

Xo.  5.  A  blade  removed  by  hammerstone  percussion  from  the  red  obsidian  core  Xo.  6.  The  blade 
fits  the  scar  nearest  it  on  the  core  but  a  second  blade  was  later  removed  so  that  the  scar  left  is  only  a 
part  of  that  caused  by  the  removal  of  Xo.  5. 

Xo.  7,  8,  9.  Red  obsidian  blades  and  Xo.  10.  A  core  of  the  same  material  made  by  A.  \Y.  Pond 
with  a  hammerstone.  The  cores  Xo.  6  and  Xo.  10  were  held  on  a  wooden  anvil  while  being  struck  with 
the  hammerstone. 

Xo.  1 1  is  a  fairly  well  shaped  core  of  red  obsidian  produced  by  percussion  with  a  hammerstone. 
The  flakes  and  blades  removed  in  producing  this  core  are  shown  with  it.  This  group  illustrates  how 
impossible  it  is  to  judge  the  shape  of  flakes  and  blades 'removed  from  a  core  by  a  study  of  the  scars  left 
on  the  discarded  core.  It  also  explains  the  high  percentage  of  flakes  found  on  sites  where  cores  are 
abundant.  In  making  the  cores  in  this  plate  several  times  long  blades  were  produced  which  were  broken 
into  two  or  more  fragments  as  they  came  away  from  the  parent  material.  Doubtless  this  was  due  to  the 
excessive  bending  accompanying  the  pressure.  It  helps  to  account  for  large  quantities  of  broken  blades 
found  on  many  prehistoric  habitation  and  workshop  sites  which  were  formerly  supposed  to  have  been 
broken  bv  use. 
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it  had  one  or  four  scraper  edges,  was  a  question  to  which  the  Dune 
Dweller  paid  little  attention  for  he  made  all  possible  types  when  his 
material  permitted  and  probably  used  them  all  for  the  same  pur- 
poses. Some  pieces  of  material  were  more  favorable  for  making 
several  scraper  edges  than  others  so  that  this  quality  played  as 
important  a  part  in  determining  the  shape  of  the  implement  to  be 
made  as  the  use  for  which  it  was  intended. 

In  deposits  of  the  Old  Stone  Age  there  are  a  number  of  types  of 
artifacts  usually  called  scrapers  which  are  characteristically  very 
thick.  These  are  called  muzzle-beaks,  keel  type  and  Tarte.  It  is 
the  writer's  belief  that  many  of  these  are  not  scrapers  at  all  but  are 
in  reality  nuclei  from  which  prehistoric  man  has  struck  blades.  In 
short  the  ancient  stone  worker  was  interested  in  producing  blades, 
and  the  resulting  thick  Tarte  'scraper'  was  a  mere  bit  of  waste 
by-product.  It  is  possible  that  these  were  on  occasion  used  as  scrapers 
but  the  writer  believes  that  such  pieces  are  in  reality  only  nuclei. 

There  are  two  reasons  for  this  conclusion.  One  is  that  the  so- 
called  scraper  edge  of  many  specimens  which  have  been  studied 
appear  too  blunt  for  scraping  and  look  as  if  they  had  been  produced 
by  percussion  blows  of  a  hammerstone.  The  other  is  that  the  writer 
has  made  an  excellent  Tarte  "scraper"  in  the  course  of  experiments 
carried  on  in  preparation  for  this  paper.  The  Tarte  Scraper  (see 
Plate  Xo.  4)  in  this  case  is  a  nucleus  from  which  the  writer  removed 
several  blades.     The  so-called  scraper  edge  was  the  result  of  trying 
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Blades  made  by  Alonzo  W.  Pond.  The  upper  group  is  of  black  obsidian  from  California,  the  lower 
group  is  of  black  flint  from  the  chalk  beds  of  England.  All  were  produced  by  percussion  either  with 
a  hammerstone  held  in  the  right  hand,  with  a  hafted  stone  hammer  (Plate  Xo.  57,  Xo.  2)  or  with  a 
leg  bone  of  a  horse  used  as  a  club.  In  most  cases  the  nucleus  was  rested  on  the  lawn  about  Mr.  Skavlem's 
summer  home  although  a  wooden  anvil  was  occasionally  used.  A  large  quantity  of  flakes  were  produced 
while  making  the  few  blades  here  shown  and  it  was  evident  that  in  order  to  produce  blades  at  will  a 
better  quality  of  material  than  that  available  is  necessary.  When  visiting  the  flint  knappers  at  Brandon, 
England  the  writer  was  able  to  produce  long  blades  at  will  with  a  steel  flaking  hammer.  However  the 
material  used  was  selected  by  an  experienced  flint  knapper  and  extremely  homogeneous. 
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to  remove  additional  blades  with  the  hammerstone  after  the  nucleus 
had  been  reduced  beyond  the  point  at  which  blades  could  be  success- 
fully produced.  Whether  or  not  all  of  the  thick  scrapers  of  Paleo- 
lithic deposits  are  mere  nuclei  may  be  open  to  question  but  certainly 
there  are  many  which  should  not  be  so  classed.  In  the  case  of  the 
specimen  figured  the  writer  had  no  thought  of  scrapers  while  produc- 
ing it.  His  whole  interest  and  attention  was  centered  on  the  produc- 
tion of  blades.  When  the  nucleus  had  produced  the  last  successful 
blade  the  writer  tried  along  all  edges  to  strike  off  others  but  only 
succeeded  in  battering  the  edge.  After  it  was  evident  that  all  possi- 
bilities had  been  exhausted  the  likeness  to  the  Paleolithic  Tarte 
scrapers  was  observed.  The  conclusion  that  here  was  the  explanation 
of  many  of  the  thick  so-called  scrapers  of  the  Old  Stone  Age  was 
obvious.  Flint  and  similar  materials  used  for  making  blades  readily 
acquires  a  battered  or  used  edge  appearance  to  those  who  are  not 
familiar  with  the  technique  of  making  chipped  implements.  One 
should  accordingly  recognize  this  quality  of  the  material  and  even 
experiment  on  the  usefulness  of  a  specimen  before  committing  it  to 
a  classification. 

To  summarize  then,  Mr.  Skavlem's  experiments  indicate  that 
good  material  makes  possible  more  accurate  control  of  the  technique 
of  making  primitive  artifacts  without  metal  tools.  Marked  symmetry 
of  outline,  exceptional  thinness  of  specimens  among  examples  of 
given  types  or  classes  are  all  closely  associated  with  excellence  of 
material.  Marked  variation  from  type  specimens,  lack  of  symmetry 
in  outline  and  general  crudity  in  Stone  Age  artifacts  are  due  more 
to  non-homogeneous  material  than  to  lack  of  mastery  of  the  tech- 


Plate  No.  57 

No.  i  and  No.  2.     Stone  hammers  made  by  the  writer  for  use  in  producing  flakes  and  blades  from 
•large  pieces  of  flint  and  obsidian.    The  groove  was  pecked  around  No.  1  in  thirty  minutes  with  a  chert 
pecking  hammer. 

No.  3.  Hammerstone  used  by  Mr.  Skavlem  and  the  writer  in  working  flint,  obsidian  and  similar 
material.  This  was  found  to  be  a  very  satisfactory  tool  for  the  free  hand  technique  of  making  blades 
from  large  blocks  of  material. 

No.  4.  A  hammerstone  used  by  Mr.  Skavlem  in  making  arrowpoints  by  the  percussion  method. 
The  pitted  faces  of  No.  3  and  No.  4  were  produced  by  use  and  are  not  thumb  holds. 
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nique  by  the  primitive  workman.  Primitive  man  made  use  of  the 
materials  close  at  hand  even  when  those  materials  were  of  poor 
quality.  He  probably  had  little  interest  in  the  variations  of  form 
which  occurred  in  his  tools  providing  they  were  adapted  to  the  tasks 
he  had  to  perform. 

A  thorough  understanding  of  this  relation  between  material  and 
types  classes  and  technique  suggests  possible  answers  to  one  or  two 
other  problems  of  the  archeologist. 

The  blade-making  technique  of  the  Aurignacians  of  the  Old 
Stone  Age,  the  distinct  types  and  marked  symmetry  of  the  Solutrean 
industry  of  Paleolithic  deposits  and  the  fine  chipped  axes,  celts, 
chisels,  projectile  points  and  knives  of  the  New  Stone  Age  are  in 
Europe  distinct  departures  from  the  characteristics  of  the  industries 
which  preceded  them.  While  each  of  these  cultures  retain  some 
elements  common  to  the  cultures  preceding  them  in  the  stratified 
deposits,  their  distinctive  elements  differ  radically.  In  the  three 
cases  cited  these  differences  are  so  great  that  they  may  be  considered 
new  techniques.  They  appear  suddenly  in  Europe  without  a  back- 
ground of  gradual  development  and  as  far  as  Europe  is  concerned, 
they  are  distinctly  new  inventions.     How  can  they  be  accounted  for? 

The  writer  believes  that  the  Solutrean1  of  Europe  represents   a 


'Dr.  Burkitt  suggests  that  the  Font  Robert  points  of  the  Aurignacian  indicates  that  the  Solutrean 
influences  was  not  far  off.  It  is  possible  that  the  people  who  produced  the  Font  Robert  type  were  con- 
temporaries of  the  Solutreans  and  were  actually  being  influenced  by  their  technique.  If  our  supposition 
that  the  Solutreans  were  a  few  specialists  who  settled  among  the  Aurignacians  is  true,  then  it  is  quite 
likely  that  a  few  of  the  Aurignacian  stone  workers  would  be  influenced  by  their  work,  at  least  to  the 
degree  of  producing  the  Font  Robert  type. 

This  writer  sees  no  fundamental  difference  in  the  technique  of  chipping  flint  on  one  side  or  on  both 
sides;  no  more  skill  is  required  and  the  same  angles  of  applying  pressure  are  used  on  each  side.  The 
fact  remains,  however,  that  some  cultures  have  chipping  on  one  side  of  the  flake  only  while  others  have 
chipping  on  both  sides.  Reason  or  no  reason,  the  fact  exists  and  must  be  recognized  in  a  study  of  Stone 
Age  cultures. 

Burkitt,  M.  C. — Prehistory,  Cambridge  Univ.  Press,  1925,  p.  73. 


Plate  No.  58 
Reduced  10% 

A  spear  point  made  by  Miss  Nancy  Holme,  under  the  direction  of  her  grandfather  II.  L.  Skavlem. 
The  outline  shows  the  shape  of  the  flake  of  Brandon  flint  from  which  the  point  was  made.  All  work 
was  done  with  a  hammerstone  by  Miss  Holme.  Mr.  Skavlem  indicated  the  points  at  which  blows 
should  be  struck  but  the  young  lady  controlled  the  force  and  angle  without  any  assistance.  Some  of 
the  flakes  produced  are  also  shown.  This  is  an  interesting  proof  of  Mr.  Skavlem 's  contention  that  even 
a  twelve-year-old  girl  can  make  an  arrowhead.     The  insert  shows  the  opposite  face  of  the  spearpoint. 
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small  intrusive  culture  which  came  into  Europe  probably  from  the 
east.  Apparently  small  groups  or  even  single  families  of  these  people 
skilled  in  the  working  of  stone  settled  with  larger  groups  of  the 
Aurignacians  who  occupied  the  region  and  produced  for  them  stone 
weapon  points  and  similar  implements.  This  sort  of  arrangement 
exists  today  in  the  Sahara.  The  Tuaregs  have  various  artifacts 
made  of  both  wood  and  iron  but  they  do  not  make  these  things 
themselves.  A  negro  from  a  tribe  of  tropical  Africa  skilled  in  iron 
working  had  attached  himself  to  the  group  of  Tuaregs  visited  by 
the  Logan-Sahara  Expedition  in  1925,  and  did  all  their  iron  working. 
Another  negro,  likewise,  from  south  of  the  Sahara,  did  all  the  work 
in  wood  for  this  group  of  desert  nomads.  Their  wives  were  leather 
workers.  This  arrangement  seemed  to  be  general  as  far  as  the 
Tuaregs  were  concerned.  \\  hile  the  Tuaregs  may  explain  what 
they  need  in  the  way  of  tools  or  weapons,  the  knowledge  of  how  to 
produce  these  things  and  the  master}'  of  the  technique  belongs  to 
another  people.  A  similar  arrangement  may  account  for  the  scattered 
deposits  of  the  Solutrean  culture.  In  the  course  of  time  especially 
if  they  received  few  recruits  from  the  parent  stock  these  specialists 
would  be  absorbed  by  the  Aurignacian  people  among  whom  they 
had  settled  or  otherwise  disappear. 

The  period  which  follows  the  Solutrean  in  Europe  is  the  Mag- 
dalenian.  This  differs  primarily  from  the  Aurignacian  in  the  types 
of  bone  artifacts  but  otherwise  seems  to  be  a  development  out  of 


Plate  No.  59 
Enlarged  27% 

No.  1.    A  fragment  of  bone  used  as  a  chipping  tool  by  Mr.  Skavlem. 

No.  2.  An  unfinished  arrowhead  and  some  of  the  flakes  removed  during  its  manufacture.  This 
arrowpoint  was  made  by  Mr.  Skavlem  with  the  fragment  of  bone  shown  in  Xo.  i  of  this  plate.  Note 
how  different  in  shape  and  size  the  flakes  shown  are  from  the  scars  on  the  nearly  complete  arrowpoint. 
The  final  serrations  on  the  edge  of  this  piece  were  put  in  with  a  fine  bone  point  not  shown  in  this  photo- 
graph. 

Xos.  3,  4  &  5.     Points  made  by  Mr.  Skavlem  with  a  pressure  tool  of  sandstone. 
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the  Aurignacian.  It  is  easy  to  see  a  development  in  the  chipped 
stone  implements  from  the  Aurignacian  to  the  Magdalenian  and 
even  in  the  bone  work  some  types  are  certainly  developed  from  those 
of  the  Aurignacian.  It  would  appear  then  that  Lpper  Paleolithic 
was  in  reality  a  continuous  development  with  a  temporary  intrusive 
element,  the  Solutrean,  and  a  local  specialization,  the  Magdalenian. 

The  Azilio-Tardenoisian  or  transitional  phase  between  the  Paleo- 
lithic and  Neolithic  appears  in  Africa  to  develop  out  of  the  Aurig- 
nacian. This  phase  in  Spain  seems  closely  related  to  the  African 
culture  and  may  indicate  a  late  Paleolithic  movement  from  Africa 
into  Europe  via  Gibraltar. 

Much  of  the  true  Neolithic  stone  culture  of  Europe  appears  to 
represent  an  invasion  from  the  east.     It  is  not  difficult  to  believe 


Plate  No.  60 
Enlarged  lo.S^ 

Photograph  by  Mr.  Geo.  L.  Waite 

An  arr                 xt  with                                  ~akes  re:                        a  .ess  of  makinc  this  point. 

The  original                                   s  a  thick  triang  liar  piece               cr  with  ?.  -             :  crystal?  on  one  end. 

by  Mr.  Skavl                a  bone  chipping  tool  in  ah  ttalfhour.    Note  how  little 

the  scars  on  the  finished  specimen  resemble  the  -moved. 
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Plate  No.  61 
Enlarged  10% 

A  group  of  points  and 
totems  made  by  Mr. 
Skavlem  without  metal 
tools.  Except  for  the 
point  on  the  upper  left 
which  is  quartzite  all 
are  chert  and  all  were 
reject  flakes  picked  up 
on  White  Crow's  Village 
Site,  Lake  Koshkonong, 
Wisconsin.  The  "eye" 
in  the  goddess  is  due 
to  a  fortunate  flaw  in 
the  chert.  This  group 
show  how  readily  the 
artist  lapidary  can  reg- 
ister his  ideas  in  a 
homogeneous  crypto- 
crystalline  stone  with 
tools  available  to  the 
prehistoric  stone  worker. 
These  were  all  made  by 
the  pressure  method. 
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that  this  movement  came  from  the  same  center  as  the  lesser  move- 
ment represented  by  the  Solutrean.  There  are  great  similarities 
between  the  Solutrean  and  the  Neolithic  work  in  stone  and  it  is 
quite  possible  that  they  may  be  found  to  be  phases  of  one  line  of 
development  in  some  place  outside  of  western  Europe. 

If  these  surmises  are  true  as  the  writer  believes  them  to  be,  then 
there  are  three  distinct  lines  of  stone  culture  development:  first,  the 
Chellean,  Acheulean,  Mousterian  line;  second,  the  Aurignacian, 
Azilio-Tardnoisian  line  with  the  Magdalenian  a  local  specialization; 
and  third,  a  Solutrean-Xeolithic  line  which  has  its  continuity  in  some 
as  yet  undiscovered  locality,  probably  outside  of  Europe.  Each  of 
these  lines  first  appears  with  practical,  usable  tools  and  there  is  no 
positive  evidence  of  a  period  of  uncertain  experiment  and  impractical 
tools  preceding  these  cultures  or  serving  as  an  introduction  to  them. 
The  writer  does  not  accept  the  eoliths  as  evidence  of  intelligent 
design  for  reasons  to  be  given  later.  Two  possible  explanations  of 
how  these  stone  cultures  arose  seem  worth  consideration  at  least. 

Changes  in  environment,  new  needs,  pressure  of  population  and 
contact  with  other  people  all  stimulate  the  intelligence  and  are,  of 
course,  largely  responsible  for  the  sudden  appearance  of  new  types 
and  techniques.  Mr.  Skavlem's  work  shows  that  another  element 
should  be  added  as  possibly  playing  a  significant  part  in  the  produc- 
tion of  new  cultures.  This  new  element  is  the  influence  exerted  by 
the  material  used  for  the  manufacture  of  primitive  stone  implements. 

If  a  people  accustomed  to  making  chipped  implements  from  stone 
of  a  given  quality  move  into  a  region  in  which  material  of  much  finer 


Plate  No.  62 
Reduced  45.27% 

A  jroup  of  artifacts  made  by  Mr.  Skavlem  by  percussion  blows  with  a  hammerstone.  Compare 
these  with  the  Indian  work  on  page  128.  It  is  Mr.  Skavlem's  belief  that  he  has  correctly  read 
the  record  of  the  Indians'  work  on  the  artifacts  left  by  them  and  accordingly  has  been  able  to  reproduce 
their  work  using  the  materials  and  tools  available  to  the  prehistoric  man. 
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(See  Opposite  Page) 
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quality  is  available,  they  will  soon  make  artifacts  of  much  greater 
symmetry.  The  ease  with  which  they  are  able  to  produce  their  old 
types  and  shapes  of  tools  in  the  new  material  may  well  lead  such 
people  to  try  to  produce  types  formerly  made  of  other  than  stone 
materials.  This  is  known  to  have  occurred  in  the  Bronze  Age. 
Y\  hen  bronze  was  introduced  into  Europe  certain  types  of  axes,  etc., 
were  introduced  with  it.  For  a  long  time  bronze  and  stone  were 
used  side  by  side.  Bronze  type  axes  made  of  stone  are  found  as  well 
as  stone  types  made  of  bronze.  Another  easy  step  is  the  invention 
of  new  tools,  primarily  the  result  of  new  needs  but  the  relative  ease 
of  working  the  finer  stone  would  undoubtedly  suggest  it  as  a  material 
from  which  to  make  the  new  and  needed  types  of  tools. 

With  this  fine  material  they  could  improve  their  ability  to  make 
stone  implements.  Then  as  they  moved  into  other  regions  they 
would  carry  with  them  the  greater  skill  and  a  knowledge  of  materials 
which  their  predecessors  in  the  new  region  did  not  have.  Knowing 
the  advantage  of  good  material  or  let  us  say,  knowing  the  necessity 
of  good  material  for  producing  the  finest  implements  they  would 
make  a  search  for  it  wherever  they  went.  Their  knowledge  led  them 
to  find  supplies  which  those  who  had  not  learned  the  significance 
of  material  had  not  discovered. 

At  present  this  explanation  is  only  a  hypothesis  but  one  which 
may  be  worth  considering  until  better  data  is  available. 

The  change  from  the  flaking  culture  of  the  Lower  Paleolithic 
periods  to  the  blade  culture  of  the  later  Paleolithic  probably  did  not 
occur  in  this  manner  for  much  of  the  Lower  Paleolithic  in  both  Africa 
and  Europe  is  of  the  finest  flint  and  gives  us  intimations  of  the  Late 
Paleolithic.     The  evidence,   seems  to  indicate  that  the  Lower  and 


Plate  No.  63 
Reduced  45.2% 

A  group  of  Indian  artifacts  found  at  Lake  Koshkonong.  These  show  evidence  of  having  been  shaped 
by  percussion  blows  of  a  hammerstone.  Compare  with  opposite  plate  showing  work  done  by  Mr. 
Skavlem. 
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Middle  Paleolithic  were  produced  by  a  race  of  men  entirely  different 
from  that  which  produced  the  Aurignacian  and  subsequent  cultures. 
This  is  certainly  the  case  in  Europe  and  the  writer  has  not  heard 
of  any  deposits  elsewhere  containing  stone  tools  of  pre-Aurignacian 
Age  associated  with  skeletal  remains  of  homo  sapiens. 

If  the  oldest  stone  culture  of  homo  sapiens  is  not  an  outgrowth 
of  the  pre-homo  sapiens  stone  work,  how  did  it  develop?  In  various 
parts  of  the  world  today  there  are  people  who  have  considerable 
culture  based  entirely  on  perishable  materials.  Many  of  these, 
several  Malaysian  tribes  for  example,  have  attained  considerable 
dexterity  in  shaping  wood  and  other  hard  materials  but  every  item 
of  their  whole  culture  if  left  on  a  deserted  camp  site  would  entirely 
disappear  in  a  very  few  years.  In  short,  there  would  be  no  evidence 
of  the  life  of  these  people  for  an  archeologist  to  study. 

Similar  cases  must  have  occurred  in  prehistoric  times.  In  fact 
the  writer  recalls  a  conversation  with  the  late  M.  Louis  Didon,  an 
archeologist  of  Perigueux,  France,  in  which  he  stated  that  he  had 
spent  an  entire  summer  digging  out  a  cave  in  the  Dordogne  without 
finding  one  single  fragment  of  worked  bone  and  not  even  a  chip  of 
flint  or  other  worked  stone.  The  cave  gave  every  evidence  of  having 
been  inhabited.  There  were  plenty  of  camp-fire  ashes  and  the  bones 
of  animals  which  had  evidently  been  a  source  of  food  supply  but 
not  a  sign  of  a  tool,  weapon  or  other  artifact  to  indicate  who  the  people 
were  who  ate  these  animals.  Other  such  sites  doubtless  exist  but 
there  are  few  archeologists  who  will  devote  a  summer  studying  one 
which  gives  such  negative  results. 

It  is  well  within  the  range  of  possibility  that  the  culture  of  homo 
sapiens  which  preceded  the  Aurignacian  stone  and  bone  culture 
was  based  on  some  more  perishable  material  like  wood  and  shell. 
Some  durable  material  which  does  not  retain  any  evidence  of  use 
may  also  have  been  of  service  to  these  people.  However,  material 
which  does  not  retain  a  record  of  intelligent  manipulation  can  give 
the  archeologists  little  data  on  the  people  who  used  it.  One  such 
material  is  quartz  crystals. 
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Dr.  Ralph  Linton  recently  remarked  to  the  writer  that  during 
his  two-year  study  of  the  people  of  Madagascar  he  learned  that  for- 
merly they  worked  wood  with  fragments  of  quartz  crystals.  The 
crystals  were  shattered  lengthwise  between  two  stones.  Quartz 
is  so  hard  that  wood  working  will  leave  no  scars  and  the  breaking 
into  fragments  might  well  be  accomplished  by  natural  forces  so  that 
as  evidence  an  archeologist  would  find  such  pieces  of  little  value. 
The  writer  has  wyorked  pieces  of  wood  with  fragments  of  flint  and 
found  absolutely  no  evidence  of  that  working  left  on  the  flake  used 
so  that  he  is  convinced  that  the  story  left  for  the  student  of  pre- 
history is  far  from  complete. 

If  the  ancestors  of  Aurignacian  Man  lived  in  a  region  where  non- 
perishable  material  suitable  for  his  needs  was  lacking  he  could  readily 
have  attained  considerable  manual  dexterity  in  working  perishable 
materials.  When  for  some  reason  he  was  obliged  to  migrate  to  a 
locality  in  which  the  perishable  materials  he  was  accustomed  to  were 
lacking  he  would  be  forced  to  use  whatever  substitute  wras  available. 
Some  time  in  his  wanderings  he  reached  the  land  of  workable  flint. 
The  manual  dexterity  acquired  in  working  wood  or  similar  perish- 
able material  would  enable  him  to  produce  usable  tools  of  flint 
without  much  delay1.  If  by  good  fortune,  he  had  already  been  ac- 
customed to  shattering  quartz  crystals,  the  transition  into  the  blade- 
making  technique  of  flint  work  would  be  imperceptible  because  the 
same  sort  of  blow  with  a  hammerstone  is  required  in  each  case.  Dex- 
terity acquired  in  working  one  material  is  not  difficult  to  transfer 
to  another.  As  has  been  indicated  earlier  in  this  chapter  such  trans- 
fers from  one  material  to  another  are  not  uncommon  in  primitive 
life  providing  religious  or  other  ceremonial  significance  is  not  involved. 

This  explanation  of  the  sudden  appearance  of  the  Aurignacian 
stone  culture  is  a  possible  one.  It  is  in  keeping  with  the  intelligence 
of  the  people  who  produced  that  culture.     Inasmuch  as  the  evidence 


]The  writer  believes  this  transfer  of  skill  from  one  technique  to  another  is  extremely  likely  because 
flint  chipping  requires  an  ability  to  see  the  finished  implement  in  a  blank  and  the  coordination  of  eye 
and  hand  to  produce  the  desired  shape.  In  other  words  a  man  who  is  clever  at  whittling  will  find  little 
difficulty  in  making  arrowheads  after  he  discovers  that  small  flakes  can  be  removed  from  a  piece  of  flint 
in  any  direction  according  to  his  desire. 
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so  far  brought  to  light  seems  to  indicate  that  the  Aurignacian  culture1 
and  that  of  preceding  peoples  did  not  have  any  marked  influence 
on  each  other,  some  explanation  like  the  foregoing  is  necessary  to 
account  for  the  Aurignacian. 

It  is  the  writer's  belief  that  a  similar  explanation  will  account 
for  the  beginning  of  all  Paleolithic  stone  culture,  The  work  of  S. 
Hazeldine  Warren  summarized  in  Chapter  III  of  this  paper  has 
certainly  proven  that  the  so-called  Eoliths  can  be  produced  and  are 
being  produced  by  natural  forces  without  the  aid  of  man.  This 
fact  alone  is  sufficient  to  place  the  eoliths  and  other  similar  flints 
in  the  doubtful  class  as  evidence  of  intelligent  manipulation.  A 
careful  study  of  the  edges  and  points  of  these  so-called  tools  will 
convince  anyone  who  has  used  flint  tools  that  an  extremely  small 
percentage  could  ever  have  cut  or  penetrated  any  solid  substance 
more  resistant  than  soft  butter.  Eoliths  are  divided  into  more  types 
of  so-called  tools  than  are  the  artifacts  found  in  the  Chellean  period, 
earliest  undisputed  evidence  of  intelligent  design.  It  is  difficult  to 
understand  the  presence  of  a  series  of  specialized  tools  preceding 
non-specialized  tools,  especially  when  the  later  culture  displays  a 
greater  mastery  of  the  technique  of  tool  manufacture.  In  no  other 
phase  of  the  Stone  Ages  does  such  a  phenomenon  exist. 

The  theory  of  eoliths  started  when  the  science  of  pre-history  was 
first  proving  that  man  had  lived  in  a  Paleolithic  period.  The  theory 
of  evolution  was  being  enthusiastically  received  into  all  branches  of 
science  and  the  natural  tendency  was  to  make  it  explain  everything, 
to  try  to  push  all  things  back  to  the  most  primitive  beginning  pos- 
sible. These  earlier  thinkers  felt  the  need  of  a  period  of  stone  culture 
more  primitive  than  that  of  really  practical  and  usable  tools  of  the 
oldest  Paleolithic. 


'Some  investigators,  notably  M.  Peyrony  of  Les  Eyzies,  Dordogne,  France,  believe  that  the  Aurig- 
nacian stone  work  is  developed  from  the  Mousterian.  This  seems  to  be  based  on  the  fact  that  a  very 
broad  blade,  the  Lavalois  flake,  is  found  in  some  Mousterian  deposits.  This  is  considered  the  forerunner 
of  the  Aurignacian  blade  culture.  The  Audi  blade  is  also  considered  a  transitional  element.  This  writer 
considers  these  two  as  in  reality  only  long  flakes  produced  by  a  blow  with  a  hammerstone  the  same  as 
other  Mousterian  flakes.  It  is  true  that  they  are  longer  than  typical  Mousterian  flakes  but  they  are 
nevertheless  more  like  the  Mousterian  flake  than  like  the  Aurignacian  blade  which  requires  greater 
control  of  the  compressing  force  to  produce.  Some  broad  blades  would  naturally  be  produced  accidently 
by  the  Mousterian  flake  technique  as  similar  broad  blades  would  occasionally  occur  from  the  Aurignacian 
technique  but  in  each  case  these  are  not  in  sufficient  quantity  to  consider  them  representing  a  type. 
The  writer  believes  the  Aurignacian  is  a  blade  culture  and  the  Mousterian  a  flake  culture.  Certainly 
there  is  no  influence  between  the  two  in  North  Africa  and  such  influence  seems  questionable  in  Europe. 
At  least  the  data  so  considered  is  capable  of  another  interpretation. 
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When  one  understands  the  technique  of  primitive  stone  working 
the  need  for  a  period  of  stone  culture  more  crude  than  the  earliest 
undisputed  evidence  of  intentional  design  becomes  less  emphatic. 
Some  archeologists,  especially  in  America,  give  evidence  of  this 
point  of  view  in  their  definition  of  eoliths,  as — any  stone  shaped 
either  by  nature  or  by  an  intelligent  being,  which  has  been  used  as 
a  tool  by  an  intelligent  being  preceding  the  Quarternary  Epoch. 

It  is  probable  that  the  earliest  intelligent  beings  threw  stones 
on  occasion.  They  may  well  have  used  stones  as  hammers  for  a 
variety  of  needs.  They  may  have  even  used  fragments  of  stones  for 
sharpening  or  otherwise  working  wood.  At  first,  such  use  was  un- 
doubtedly occasional  and  the  'tool'  discarded  at  once.  Such 
stone  tools  would  show  little  or  no  evidence  of  the  use  they  had 
served.  If  one  considers  such  stones  as  eoliths  the  writer  accepts 
their  existence  but  he  contends  that  there  was  not,  necessarily,  a 
period  of  culture  in  stone  more  primitive  than  the  lowest  phase  of 
the  Paleolithic,  of  which  archeologists  may  expect  to  find  positive 
evidence. 

The  explanation  given  for  the  origin  of  the  Aurignacian  technique 
is  equally  valid  for  the  oldest  Paleolithic  work  in  stone  and  for  the 
Solutrean-Neolithic  .  .  .  .  if  it  is  not  an  outgrowth  of  one  or  the  other 
preceding  Paleolithic  culture  groups.  There  is  however,  a  stronger 
argument  for  discarding  the  accepted  eoliths  as  evidence  for  intelli- 
gence less  advanced  than  that  of  the  Paleolithic.  Flint  and  similar 
material  fractures  readily  by  pressure  or  percussion.  Such  fractures 
produce  sharp  edges  and  points  very  effective  for  cutting  and  piercing 
any  material  of  lesser  hardness.  It  seems  impossible  that  any  being 
could  acquire  sufficient  control  of  the  technique  of  working  flint-like 
stone  to  produce  definite  shapes  like  the  eoliths  without  making  a 
really  usable  tool.  If  he  were  intelligent  enough  to  shape  flint  at 
all  he  could  have  made  a  tool  which  would  serve  some  purpose  while 
the  so-called  eoliths  cannot  be  used  for  cutting  meat  let  alone  cutting 
skin,  wood  or  bone. 

Centuries  of  weathering  cannot  account  for  this  dullness  because 
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it  is  not  weathering  dullness,  a  condition  which  is  found  on  many 
Paleolithic  artifacts,  markedly  different  and  easily  recognized. 

In  setting  forth  the  importance  of  material  as  an  influence  on 
types,  classes  and  techniques  connected  with  primitive  stone  arti- 
facts the  writer  is  not  claiming  that  it  is  all  important.  He  does 
believe  that  the  actual  practice  Mr.  Skavlem  has  had  in  working 
stone  without  metal  tools  has  indicated  that  material  played  as 
important  a  role  as  any  other  element  and  that  any  classification 
or  stud}'  which  does  not  recognize  the  influence  of  material  and  the 
limitations  it  produces,  is  not  complete.  It  is  the  writer's  belief  that 
the  influence  of  material  should  be  recognized  as  a  possible  explana- 
tion of  some  of  the  problems  in  pre-history.  There  are  many  ob- 
jections to  limiting  all  thought  on  this  matter  to  the  same  lines  laid 
down  by  the  earliest  investigators  and  this  chapter  is  written  with 
the  hope  that  the  suggestions  offered  in  it  will  stimulate  other 
workers  to  add  new  data  to  the  problems  from  other  angles. 
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Mr.  Skavlem's  experiments  demonstrate  that  making  primitive 
implements  of  stone  without  the  use  of  metal  tools  or  other  materials 
not  available  to  the  primitive  Stone  Age  artizan  is  a  simple  under- 
standable process.  The  technique  consists  solely  of  the  manipulation 
of  the  forces  applied  to  a  homogeneous  material.  The  primitive 
workman,  like  the  recent  scientific  experimenters  in  flint  working, 
doubtless  acquired  the  technique  without  recognizing  the  principles 
involved.  The  technique  can  be  acquired  by  any  child  or  adult 
possessing  normal  manual  dexterity,  but  perfection  in  handling  the 
technique  of  the  aboriginal  flint  worker  will  be  gained  by  practice 
the  same  as  is  required  for  the  technique  of  any  other  art. 

Those  who  have  seen  Mr.  Skavlem  at  work  realize  that  the  ordin- 
ary everyday  stone  tools  and  weapons  of  the  aborigine  were  quickly 
made,  two  to  five  minutes  being  sufficient  time  to  allow  for  making 
an  ordinary  arrowhead,  while  twenty  or  thirty  minutes  would  be 
time  enough  to  produce  the  groove  of  an  ax.  The  finer  examples  of 
the  early  stoneworker's  art  naturally  required  more  time  but  even 
those  took  no  greater  display  of  patience  or  skill  than  that  of  a  modern 
artist  in  wood  carving  or  stone  cutting. 

The  experiments  prove  that  the  scars  on  a  finished  arrowhead 
do  not  give  a  complete  history  of  the  manufacture  of  that  arrow- 
head. Many  of  the  first  scars  are  all  or  partially  removed  by  sub- 
sequent flakes  so  that  it  is  not  possible  to  determine  the  length, 
width  and  thickness  of  a  flake  removed  by  measuring  the  scar  on 
a  finished  implement.  Even  a  complete  scar  is  a  record  of  only  one 
side  of  a  flake  and  gives  no  indication  of  that  flake's  cross  section. 
(Figures  5,  6  and  11,  Plate  55,  Chapter  VI). 

This  practical  demonstration  of  the  manufacture  of  stone  imple- 
ments with  primitive  tools  and  materials  throws  much  light  on  the 
matter  of  classification  of  Stone  Age  artifacts  and  the  determination 
of  types.  Up  to  the  present  time  archeologists  have  determined 
types  and  classes  largely,  if  not  entirely,  on  the  bases  of  form.  If 
the  material  under  treatment  is  not  homogeneous,  due  to  impurities, 
inclusions  or  inherent  stresses,  it  frequently  breaks  before  the  artisan 
has  produced  the  form  desired.  Non-homogeniety  frequently  makes 
it  impossible  to  remove  certain  humps  and  protrusions  so  that  the 
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artifact  is  rejected  unfinished  in  a  more  or  less  bizarre  form,  npt 
usable  and  wholly  foreign  to  the  designs  and  desire  of  the  maker. 
But  little  experience  in  the  technique  of  flint  work  is  necessary  to 
recognize  these  forms  as  rejects  instead  of  new  forms  or  types. 

Finally  the  designs  and  desires  of  the  workman  are  often  modified 
during  the  process  of  manufacturing  an  artifact.  This  modification 
is  largely  due  to  the  refractory  nature  of  his  material  so  that  the 
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Plate  Xo.  64 


A  core  of  red  obsidian  from  Mexico.  Five  flakes  were  removed  from  this  core  with  the  hammer- 
stone  Xo.  3  of  Plate  Xo.  57  by  the  writer.  These  flakes  were  removed  in  the  order  numbered,  the  arrows 
indicating  the  points  at  which  the  blows  were  struck. 

Flakes  Xo.  1  and  Xo.  2  were  removed  by  parallel  blows.  Xo.  3  by  a  blow  at  right  angles  to  the 
first  two.  Xo.  4  was  removed  by  a  blow  delivered  in  the  opposite  direction  to  those  which  produced 
Xo.  1  and  Xo.  2  and  Xo.  5  by  a  blow  at  right  angles  to  Xo.  4.    This  is  also  at  right  angles  to  Xo.  3. 

This  specimen  shows  that  flakes  can  be  removed  from  any  direction  if  the  material  is  homogeneous 
and  definitely  refutes  the  statement  that  such  homogeneous  materials  as  flint  and  obsidian  have  any 
inherent  planes  of  cleavage. 
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finished  product  though  complete  and  usable  may  have  a  form 
quite  different  from  that  most  characteristic  of  the  type  of  tool  it 
represents.  In  the  mind  of  the  individual  who  made  it,  therefore, 
it  is  not  a  different  tool,  and  not  a  new  type.  It  is  probable  in  the 
case  of  arrowheads  that  a  maker  produced  several,  if  not  all  the 
common  "types"  and  that  he  many  times  started  out  to  make  one 
form,  broke  it  in  the  making  and  rather  than  throw  away  a  good 
piece  of  material,  modified  it  to  another  "type"  or  even  to  another 
tool. 

It  should  be  remembered  that  many  cores  and  nuclei  were  worked 
until  it  was  no  longer  possible  to  remove  additional  flakes;  the  final 
attempts  to  remove  blades,  etc.,  only  resulting  in  a  battered  edge 
which  resembles  the  edge  of  a  much  used  tool.  Such  pieces  are 
therefore  not  tools  at  all  but  are  rejected  nuclei  which  were  never 
intended  to  serve  as  implements.  In  short,  classification  should 
recognize  the  limitations  of  the  material  used  and  place  a  major 
emphasis  on  the  intended  use  of  the  artifact  rather  than  on  its  mere 
form. 

Because  of  their  homogeniety  flint  and  similar  materials  can 
easily  be  worked  to  a  sharp  edge  or  point.  The  technique  by  which 
these  can  be  produced  are  so  simple  that  it  does  not  seem  necessary 
to  have  a  period  of  crude  and  impractical  implements  ancestral  to 
the  lowest  Paleolithic  period.  The  ease  with  which  these  materials 
can  be  worked  suggests  that  as  soon  as  a  being  reached  a  stage  of 
intelligence  sufficient  to  attempt  to  make  any  tool  at  all  from  them, 
he  would  make  a  usable  one.  It  is  impossible  that  the  various 
types  of  stone  culture  of  prehistoric  times  were  preceded  by  cultures 
in  more  perishable  material.  The  manual  dexterity  acquired  in 
working  any  other  material  would  enable  a  worker  to  control  his 
hands  in  flint  working  once  he  learned  that  flint  could  be  fractured 
by  means  at  his  command.  The  same  ability  to  control  the  hand 
and  to  visualize  a  desired  shape  in  a  piece  of  untouched  material  is 
required  for  making  any  artifact  whether  it  be  of  stone  or  other 
material.  It  may  be  that  this  fact  accounts  for  the  seemingly  sudden 
appearance  of  Paleolithic  cultures  which  show  little  relationship 
to  those  preceding  them. 
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